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S U M M A R Y  
1 .  Methods of  e s t i m a t i o n  o f  m e t h i o n i n e ,  c y s t i n e  and 
t r y p t o p h a n :  
The p r o c e d u r e  of  i o n  exchange  column chromatography  
u s i n g  t h e  amino a c i d  a n a l y s e r  was f i r s t  examined f o r  t h e  
d e t e r m i n a t i o n  o f  t h e s e  amino a c i d s .  Two methods  o f  
h y d r o l y s i s  which  a r e  commonly used  w e r e  compared i n  o r d e r  t o  
know t h e  e x t e n t  o f  l o s s e s  of  m e t h i o n i n e  and c y s t i n e ,  
R e s u l t s  i n d i c a t e d  t h a t  r e f l u x i n g  was b e t t e r  t h a n  s e a l e d - t u b e  
h y d r o l y s i s  p a r t i c u l a r l y  from t h e  v i e w p o i n t  of  r e c o v e r y  of  
s u l p h u r  c o n t a i n i n g  amino a c i d s .  P e r f o r m i c  a c i d  o x i d a t i o n  
(PA01 p r o c e d u r e  r e s u l t e d  i n  h i g h e r  m e t h i o n i n e  and c y s t i n e  
r e c o v e r y  v a l u e s .  
When compared s t a t i s t i c a l l y  w i t h  t h e  amino a c i d  
a n a l y s e r  r e s u l t s ,  m i c r o b i o l o g i c a l  method was found 
s a t i s f a c t o r y  f o r  t h e  e s t i m a t i o n  o f  m e t h i o n i n e  i n  c a s e  of  
b o t h  c h i c k p e a  and p i g e o n p e a  b u t  n o t  f o r  c y s t i n e .  Al though  
t h e  m i c r o b i o l o g i c a l  method produced r e l i a b l e  m e t h i o n i n e  
r e s u l t s  f o r  b o t h  t h e  c r o p s ,  i t  was n o t  found s u i t a b l e  f o r  
s c r e e n i n g  l a r g e  numbers of s a m p l e s  b e c a u s e  i t  was o b s e r v e d  
t o  be t e d i o u s  and s low and a i s o  r e q u i r e d  c a r e f u l  h a n d l i n g  by 
an e x p e r i e n c e d  p e r s o n .  
For  m e t h i o n i n e ,  r a p i d  c o l o r i m e t r i c  method i n v o l v i n g  
n i t r o p r u s s i d e  r e a c t i o n  p r o d u c e d  r e s u l t s  which  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f rom t h o s e  o b t a i n e d  by amino a c i d  a n a l y s e r .  
C y s t i n e  v a l u e s  e s t i m a t e d  by t h e  Goa method w e r e  h i g h l y  
c o r r e l a t e d  w i t h  t h e  r e s u l t s  o f  amino a c i d  a n a l y s e r .  The 
h y d r o z i n o l y s i s  of  t h e  sample  i n  sc rew c a p  t u b e s  i n s t e a d  o f  
u s i n g  s m a l l  a m p u l e s  and  b u f f e r  s y s t e m  w i t h  r e d u c e d  pH were  
t h e  i m p o r t a n t  m o d i f i c a t i o n s  i n t r o d u c e d  i n  t h e  Goa method.  
Two r a p i d  c o l o r i m e t r i c  p r o c e d u r e s  o f  t r y p t o p h a n  
e s t i m a t i o n  were  compared w i t h  t h e  amino a c i d  a n a l y s e r .  I n  
c a s e  of b o t h  c h i c k p e a  and p i g e o n p e a ,  t h e  r e s u l t s  o f  t h e s e  
two r a p i d  p r o c e d u r e s  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  
r e s u l t s  of  amino a c i d  a n a l y s e r .  A l t h o u g h  i t  a p p e a r e d  t h a t  
b o t h  t h e  r a p i d  c o l o r i m e t r i c  p r o c e d u r e s  c a n  be used  f o r  
a c c u r a c y  o f  a n a l y s i s  f o r  s c r e e n i n g  p u r p o s e ,  i n  view o f  t h e  
s i m p l i c i t y  and r a p i d i t y  of  t h e  a n a l y s i s ,  t h e  S p i e s  and  
Chamber p r o c e d u r e  was s u g e s t e d  f o r  s c r e e n i n g  l a r g e  numbers  
o f  s a m p l e s .  
2.  T o t a l  s u l p h u r  and s u l p h u r  amino a c i d s :  
The p r o c e d u r e s  o f  w e t - d i g e s t i o n  and  L e c o - s u l p h u r  
a n a l y s e r  were  compared f o r  t h e  e s t i m a t i o n  o f  t o t a l  s u l p h u r  
i n  c h i c k p e a  and p i g e o n p e a .  T h e s e  p r o c e d u r e s  w e r e  h i g h l y  and  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  e a c h  o t h e r .  T o t a l  s u l p h u r  was 
p o s i t i v e l y  and s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  s u l p h u r  
( x i )  
amino a c i d s  i n  p i g e o n p e a  b u t  n o t  i n  c h i c k p e a .  T h i s  
i n d i c a t e d  t h e  p o s s i b i l i t y  o f  u s i n g  t o t a l  s u l p h u r  c o n t e n t  a s  
a n  i n d e x  o f  t h e  l e v e l s  o f  s u l p h u r  amino a c i d s  i n  p i g e o n p e a .  
When e x p r e s s e d  a s  p e r c e n t  of p r o t e i n  m e t h i o n i n e  was 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  c y s t i n e  i n  b o t h  c h i c k p e a  and 
p i g e o n p e a .  Moreover ,  cy s t i n e  and r n e t h i o n i n e  were  c o r r e l a t e d  
w i t h  e a c h  o t h e r  when e x p r e s s e d  e i t h e r  a s  p e r c e n t  of  p r o t e i n  
o r  a s  p e r c e n t  of  sample  s u g g e s t i n g  t h a t  s c r e e n i n g  f o r  one of 
t h e s e  two s u l p h u r  amino a c i d s  would be s u f f i c i e n t .  
3 .  V a r i a b i l t y  f o r  amino a c i d  c o m p o s i t i o n :  
S u l p h u r  amino a c i d s ,  m e t h i o n i n e  and c y s t i n e  when 
c o n s i d e r e d  t o g e t h e r  were  t h e  f i r s t  l i m i t i n g  amino a c i d s  of  
c h i c k p e a  and p i g e o n p e a .  Based on t h e  a n a l y s i s  of  s e v e r a l  
g e n o t y p e s ,  t r y p t o p h a n  was n o t  found  t o  be t h e  l i m i t i n g  amino 
a c l d  of c h i c k p e a  w h e r e a s  p igeonpea  c u l t i v a r s  were  i n v a r i a b l y  
d e f i c i e n t  i n  t h i s  amino a c i d .  B e s i d e s  t h e s e  amino a c i d s ,  
t h r e o n i n e  was o b s e r v e d  t o  be t h e  second  l i m i t i n g  amino a c l d  
of  c h i c k p e a .  
Some w i l d  s p e i c e s  o f  g e n u s  C i c e x  were  a l s o  s t u d i e d  f o r  
t h e i r  amino a c i d  c o m p o s i t i o n .  S u l p h u r  amino a c i d s ,  
m e t h i o n i n e  and c y s t i n e ,  w h e n  c o n s i d e r e d  t o g e t h e r  v a r i e d  f rom 
( x i i )  
2 . 1 2  t o  3 .42  g /16g  N f o r  w i l d  s p e c i e s  w h e r e a s  t h e  c u l t i v a t e d  
s p e c i e s  had 2.38 g /16g  N .  
T o g e t h e r ,  m e t h i o n i n e  and c y s t i n e  v a l u e s  w e r e  h i g h e s t  
r a n g i n g  from 2 .55  t o  3 . 4 3  w i t h  mean b e i n g  2.93 g/16g N f o r  
28 a c c e s s i o n s  of & s c a r a b a e o i d s  and l o w e s t  r a n g i n g  from 
2 . 3 4  t o  2.79 w i t h  mean b e i n g  2.55 g /16g  N f o r  10 a c c e s s i o n s  
o f  & alblcans when t h e  r e s u l t s  o f  many a c c e s s i o n s  
r e p r e s e n t i n g  19 w i l d  s p e c i e s  of  p i g e o n p e a  were  compared.  
4 Seed  p r o t e i n  f r a c t i o n s  and amino a c i d  c o m p o s i t i o n :  
S t u d i e s  on p r o t e i n  f r a c t i o n a t i o n  i n  s e e d  c o a t ,  embryo,  
c o t y l e d o n s  and whole  s e e d  0.f c h i c k p e a  and p i g e o n p e a  were  
c a r r i e d  o u t .  R e s u l t s  i n d i c a t e d  t h a t  g l o b u l i n  was t h e  m a j o r  
f r a c t i o n  of  embryo and c o t y l e d o n s  of  c h i c k p e a  and p i g e o n p e a .  
Seed c o a t  n i t r o g e n  was o b s e r v e d  t o  be m o s t l y  c o m p r i s e d  o f  
n o n p r o t e i n  n i t r o g e n  and g l u t e l  i n  f r a c t i o n s .  
Whi le  no n o t i c e a b l e  d i f f e r e n c e s  between c h i c k p e a  and 
p i g e o n p e a  were  a p p a r e n t  w i t h  r e s p e c t  t o  t h e  l e v e l s  o f  
v a r i o u s  p r o t e i n  f r a c t i o n s ,  t h e  h i g h e r  l e v e l s  o f  s u l p h u r  
c o n t a i n i n g  amino a c i d s  i n  g l u t e l i n  t h a n  i n  g l o b u l i n s  of 
t h e s e  p u l s e  c r o p s  s u g g e s t  t h a t  c u l t i v a r s  w i t h  a h i g h e r  r a t i o  
o f  g l u t e l i n  t o  g l o b u l i n  s h o u l d  be i d e n t i f i e d  to .  improve  
t h e i r  s e e d  p r o t e i n  q u a l i t y .  
1. I N T R O D U C T I O N  
Amino a c i d  c o m p o s i t i o n  i s  t h e  f i r s t  a p p r o x i m a t i o n  by 
which  o n e  m e a s u r e s  t h e  p r o t e i n  q u a l i t y  o f  a  g i v e n  c r o p .  I n  
g e n e r a l ,  t h e  s u l p h u r  c o n t a i n i n g  amino a c i d s ,  m e t h i o n i n e  and 
c y s t i n e ,  and t r y p t o p h a n  l i m i t  t h e  n u t r i t i v e  v a l u e  o f  p u i s e  
c r o p s .  Improvement  of  n u t r i t i o n a l  q u a l i t y  o f  p i g e o n p e a  and 
c h i c k p e a  t h r o u g h  e f f e c t i v e  b r e e d i n g  program i s  one  o f  t h e  
o b j e c t i v e s  o f  I C R I S A T .  The p r o g r e s s  o f  such  b r e e d i n g  
programmes would  i n  p a r t  depend on t h e  a v a i l a b i l i t y  o f  r a p i d  
and  a c c u r a t e  a n a l y t i c a l  p r o c e d u r e s  f o r  t h e  e s t i m a t i o n  of  
t h e s e  amino a c i d s ,  T h e r e f o r e ,  we have i n i t i a l l y  
c o n c e n t r a t e d  on t h e  i d e n t i f i c a t i o n  and s t a n d a r d i z a t i o n  o f  
r a p i d  and r e l i a b l e  s c r e e n i n g  methods  f o r  t h e  e s t i m a t i o n  of  
t h e s e  amino a c i d s  i n  c h i c k p e a  and p i g e o n p e a .  I n  o r d e r  t o  
know t h e  g e n e t i c  v a r i a b i l i t y  f o r  t h e s e  amino a c i d s ,  s e v e r a l  
c u l t i v a r s  of c h i c k p e a  and p i g e o n p e a  were  a n a l y s e d .  I n  
a d d i t i o n ,  s e v e r a l  o t h e r  r e l a t e d  a s p e c t s  t h a t  a f f e c t  t h e  
p r o t e i n  q u a l i t y  of t h e s e  c r o p s  were  a l s o  examined.  I n  t h i s  
r e p o r t ,  t h e  f o l l o w i n g  a s p e c t s  c o n c e r n i n g  t h e  amino a c i d s  o f  
p i g e o n p e a  and c h i c k p e a  a r e  d e s c r i b e d .  
I. Methods o f  estimation of m e t h i o n i n e  and c y s t i n e  
11. Rapid c o l o r i m e t r i c  p r o c e d u r e s  f o r  t h e  e s ; i r n & t i o n  o f  
t r y p t o p h a n  
111. G e n e t i c  v a r i a b i l i t y  f o r  n e t h i o n i n e ,  cys'.,-nr and 
t r y p t o p h a n  
I V .  Seed p r o t e i n  f r a c t i o n s  and amino a c l d  cor :pos; t lon 
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2.  Methods of  e s t i m a t i o n  o f  m e t h i o n i n e  and c y s t i n e :  
2 .1 .  D e t e r m i n a t i o n  o f  m e t h i o n i n e  and c y s t i n e  by u s i n g  t h e  
amino a c i d  a n a l y  s e r  : 
Even though  t h e  p r o c e d u r e  of  i o n  exchange  column 
chromatography  u s i n g  t h e  amino a c i d  a n a l y s e r  i s  r a t h e r  slow 
and cumbersome f o r  t h e  d e t e r m i n a t i o n  of  amino a c i d s ,  it i s  
s t i l l  r e g a r d e d  a s  a  s t a n d a r d  p r o c e d u r e .  B e f o r e  a t t e m p t i n g  
t o  e v a l u a t e  t h e  r a p i d  methods  f o r  t h e  e s t i m a t i o n  o f  s u l p h u r  
c o n t a i n i n g  amino a c i d s ,  m e t h i o n i n e  and c y s t i n e ,  i t  i s  
n e c e s s a r y  t o  e n s u r e  t h a t  t h e s e  amino a c i d s  a r e  d e t e r m i n e d  
a c c u r a t e l y  u s i n g  t h e  amino a c i d  a n a l y s e r .  So t h i s  p r o c e d u r e  
was  f i r s t  examined.  
The h y d r o l y s i s  o f  p r o t e i n  i n t o  a  m i x t u r e  of amino a c i d s  
by s p l i t t i n g  t h e  p e p t i d e  l i n k a g e s  i s  an e s s e n t i a l  f i r s t  s t e p  
which i n f l u e n c e s  t h e  r e s u l t s  i n  t h i s  p r o c e d u r e .  T h e r e f o r e ,  
two methods  of h y d r o l y s i s  which a r e  commonly u s e d  were  
compared i n  o r d e r  t o  know t h e  e x t e n t  of  l o s s e s  t h a t  o c c u r ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  l e v e l s  o f  m e t h i o n i n e  and 
c y s t i n e .  The p r o c e d u r e s  o f  r e f l u x i n g  and s e a l e d - t u b e  
h y d r o l y s i s  were  compared,  For s e a l e d - t u b e  h y d r o l y s i s ,  
s p e c i a l l y  made t u b e s  h a v i n g  c o n s t r i c t e d  n e c k s  were  used .  
About f i f t y  mg o f  d e f a t t e d  m a t e r i a l  were  a c c u r a t e l y  weighed 
i n t o  t h e  t u b e  and 10 m l  6 N H C 1  were  added and t h e  t u b e  was 
p a r t i a l l y  e v a c u a t e d  and s e a l e d .  The h y d r o l y s i s  was c a r r i e d  
o u t  f o r  24 h r  a t  l l O ° C  i n  an  oven which had a  b u i l t  i n  f a n  
t o  k e e p  t h e  t e m p e r a t u r e  u n i f o r m .  I n  t h e  c a s e  o f  r e f l u x i n g ,  
a b o u t  50 mg d e f a t t e d  sample  w e r e  a c c u r a t e l y  weighed i n t o  a  
250 m l  round  bo t tom f l a s k  and t h e  sample  was r e f l u x e d  w i t h  
50 m l  6 N H C 1  f o r  24  h r .  A f t e r  t h e  h y d r o l y s i s ,  t h e  e x c e s s  
a c i d  was  removed i n  a  r o t a r y  f l a s h  e v a p o r a t o r .  The r e s i d u e  
was  d i s s o l v e d  i n  a  s u i t a b l e  amount of c i t r a t e  b u f f e r  
(pH 2 . 2 ) .  P r o t e i n  h y d r o l y s a t e  t h u s  o b t a i n e d  was a n a l y s e d  i n  
a  Beckman model 120C amino a c i d  a n a l y s e r .  
T a b l e  1 .  R e s u l t s  o f  e s s e n t i a l  amino a c i d  c o m p o s i t i o n  of  s i x  
p i g e o n p e a  c u l t i v a r s  o b t a i n e d  by two d i f f e r e n t  
me thods  o f  h y d r o l y s i s .  
Methods of  Hydroly  si.9 
E s s e n t i a l  amino ---------------------------------------. 
a c i d  ( g / 1 6 g  N )  R e f l u x i n g  S e a l e d  Tube 
- -me---- - - - - - - - - -  ----------------- 
Range Mean Range Mean 
.......................................................... 
L y s i n e  7.26-8.17 7 .80 7.04-7.84 7 . 5 8  
T h r e o n i  ne 3 .86-4.28 4 .04 3.79-4.29 4 . 0 2  
M e t h i o n i n e  0 .93-1 .07  1 .01 0.88-1 - 0 6  0.96 
Cy s t i n e a  T r a c e -  1.09 0 . 9 3  0 . 5 0 ~  0 . 5 0 ~  
P h e n y l a l a n i n e  9.78-12.31 11.25 9.95-10.76 10.86 
V a l i n e  4 .58-5.19 4.89 4.51-5.35 4 .66 
L c u c i n e  8 .27-8.76 8 .60  9 .95-10.76 8 .89 
I s o l e u c i n e  3.91-4.27 4 .18  2.93-3.88 3 . 1 9  
a ,  F i v e  c u l t i v a r s ;  b ,  Only one sample .  
S i x  c u l t i v a r s  o f  p i g e o n p e a  w e r e  a n a l y s e d  f o r  t h i s  s t u d y  
and  t h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  1 .  E x c e p t  f o r  l e u c i n e  
which  showed a  l o w e r  v a l u e ,  a l l  o t h e r  v a l u e s  w e r e  h i g h e r  i n  
t h e  r e s u l t s  o b t a i n e d  by t h e  r e f l u x i n g  t h a n  s e a l e d - t u b e  
t e c h n i q u e .  Our o b s e r v a t i o n s  i n d i c a t e d  t h a t  r e f l u x i n g  i s  
b e t t e r  t h a n  s e a l e d - t u b e  h y d r o l y s i s  p a r t i c u l a r l y  from t h e  
v i e w - p o i n t  of r e c o v e r y  o f  s u l p h u r  c o n t a i n i n g  amino a c i d s .  
T h i s  was  f o u n d  t o  be t h e  c a s e  f o r  c h i c k p e a  a s  w e l l .  
2 . 1 . 1 .  P e r f o r m i c  a c i d  o x i d a t i o n  o f  m e t h i o n i n e  and  c y s t i n e :  
U n f o r t u n a t e l y  c y s t i n e  and m e t h i o n i n e  a r e  d e s t r o y e d  t o  a  
c e r t a i n  e x t e n t  d u r i n g  t h e  p r o c e s s  o f  a c i d  h y d r o l y s i s .  
T h e r e f o r e ,  t h e  a c t u a l  v a l u e s  o f  t h e s e  amino a c i d s  c a n n o t  be 
d e t e r m i n e d  by t h e  normal  a c i d  h y d r o l y s i s  p r o c e d u r e .  
M e t h i o n i n e  and c y s t i n e  a r e  t h e r e f o r e  d e t e r m i n e d  a f t e r  
o x i d a t i o n  i n t o  t h e i r  a c i d  s t a b l e  compounds,  m e t h i o n i n e  
s u l f o n e  and c y s t e i c  a c i d ,  r e s p e c t i v e l y  u s i n g  t h e  p e r f o r m i c  
a c i d  o x i d a t i o n  p r o c e d u r e  ( P A O )  a s  d e s c r i b e d  below. 
The p e r f o r m i c  a c i d  r e a g e n t  was p r e p a r e d  by t h e  a d d i t i o n  
o f  1 m l  o f  30% ( w / w )  hydrogen  p e r o x i d e  t o  9 m l  o f  88% f o r m i c  
a c i d .  The s o l u t i o n  was a l l o w e d  t o  s t a n d  f o r  1 h r  a t  room 
t e m p e r a t u r e  t o  p e r m i t  t h e  p e r f o r m i c  a c i d  c o n c e n t r a t i o n  t o  
r e a c h  t h e  maximal v a l u e .  To 20 t o  25 mg of d e f a t t e d  sample  
we ighed  i n t o  a  round  bot tom c o n i c a l  f l a s k ,  2 m l  o f  t h e  
p e r f o r m i c  a c i d  s o l u t i o n  was a d d e d .  A f t e r  s t a n d i n g  f o r  4 h r  
a t  O'C, 0.3 m l  o f  38% H B r  was added  t o  s t o p  t h e  o x i d a t i o n .  
The e x c e s s  bromine was removed by p l a c i n g  t h e  f l a s k  i n  a  
d e s s i c a t o r  c o n t a i n i n g  ' p e l l e t s  o f  NaOH u n d e r  vacuum. Then 
t h e  f l a s k  was  a t t a c h e d  t o  a  r o t a r y  f l a s h  e v a p o r a t o r  and t h e  
c o n t e n t s  o f  t h e  f l a s k  w e r e  d r i e d  c o m p l e t e l y .  Then,  
h y d r o l y s i s  was c o n d u c t e d  by a d d i n g  50 m l  of  6 N H C 1  t o  t h e  
r e s i d u e  and r e f l u x i n g  t h e  sample  f o r  24 h r ,  A f t e r  t h e  
h y d r o l y s i s ,  H C 1  was removed by u s i n g  a  r o t a r y  f l a s h  
e v a p o r a t o r .  The r e s i d u e  was d i s s o l v e d  i n  5 m l  o f  c i t r a t e  
b u f f e r  (pH 2 . 2 ) .  M e t h i o n i n e  s u l p h o n e  and c y s t e i c  a c i d  t h u s  
fo rmed  were  a n a l y s e d  i n  t h e  amino a c i d  a n a l y s e r .  
The r e s u l t s  o b t a i n e d  by t h e  PA0 p r o c e d u r e  w e r e  compared 
w i t h  t h o s e  o b t a i n e d  by normal ( u n o x i d i z e d )  p r o c e d u r e .  
Recovery v a l u e s  i n  o x i d i z e d  s a m p l e s  were  h i g h e r  t h a n  t h e  
u n o x i d i z e d  sample  f o r  b o t h  m e t h i o n i n e  ( T a b l e  2 )  and  c y s t i n e  
( T a b l e  3 ) .  I t  i s  t o  be n o t e d  h e r e  t h a t  i n  c a s e  o f  
u n o x i d i z e d  s a m p l e s  v e r y  s m a l l  p e a k s  f o r  m e t h i o n i n e  
s u l p h o x i d e ,  and c y s t e i c  a c i d  were  a l s o  r e c o r d e d  and t h e s e  
Yere  c a l c u l a t e d  and added t o  n e t n i o n i n e  a n d  c y s t i n e  c o n t e n t  
r e s p e c t i v e l y .  T h i s  c o u l d  l e a d  t o  l c w e r  r e c o v e r y  v a l u e s  f o r  
Lhese  amino a c i d s  i n  t h e  c a s e  of  u n o s l d i z e d  s a m p l e s .  
Dimethy l  s u l p h o x i d e  (DMSO) i s  a l s o  u s e d  6 s  a n  o x i d i z i n g  
a g e n t  i n  p l a c e  of p e r f o r m i c  a c i d .  The DMSn rfiethod a l t h o u g h  
Table  2. Recovery of added me th ion ine  by amino a c i d  a n a l y s e r  
and m i c r o b i o l o g i c a l  method a 
Crop 
Aminc a c i d  a n a l y s e r  M i c r o b i o l o g i c a l  a s say  
..................... ----------------.---- 
Cont ro l  Perf  ormic  
a c i d  
o x i d a t i o n  
.............. Recovery ( $ 1  .............. 
Chickpea 76.5 - 85.2 90.8 - 94.2 92.8 - 98.6 
(G-130) 80.5 A 4.0 92.6 2 1.8 96.8 ~t 2.7 
Pigeonpea 74.6 - 82.7 86.5 - 94.6 102.2 - 110.1 
a ,  Range and mean based on f i v e  d e t e r m i n a t i o n s  on d e f a t t e d  
d h a l .  
s i m p l e r ,  f a s t e r  and more conven ien t  f o r  c y s t i n e  
d e t e r m i n a t i o n ,  canno t  be used f o r  t h e  s imu l t aneous  
d e t e r m i n a t i n  of me th ion ine .  I t  h a s  a l s o  been r e p o r t e d  t h a t  
t h e  p re sence  of t r a c e  amounts of  d ime thy l  su lphox ide  i n  
samples  l oaded  on t o  t h e  amino a c i d  a n a l y s e r  can i n t e r f e r e  
w i t h  subsequent  amino a c i d  a n a l y s e s  due t o  t h e  p r o d u c t i o n  of 
n i n h y d r i n  p o s i t i v e  d e g r a d a t i o n  p roduc t s .  T h e r e f o r e  PA0 
method was fo l lowed  i n  our  l a b o r a t o r y  f o r  t h e  d e t e r m i n a t i o n  
of meth ionine  and c y s t i n e .  
T a b l e  3 .  Recovery o f  added  c y s t i n e  by amino a c i d  a n a l y s e r  
and m i c r o b i o l o g i c a l  m e t h o d a  
Crop 
Amino a c i d  a n a l y s e r  M i c r o b i o l o g i c a l  a s s a y  
..................... ..................... 
C o n t r o l  P e r f  o r m i c  
a c i d  
o x i d a t i o n  
.............. Recovery ( $ 1  .,............ 
Chickpea  6 G . 5  - 71.e 92.5 - 97.0 83.7 - 110.6  
( G - 7 3 0 )  68.3 3.4 94.2 2.0 97.8 7.4 
P i g e o n p e a  67.5  - 73.4 91.6 - 95 .8  84.5 - 105 .8  
( ICP-1)  70 .5  + 3.1 93.6 A 2.4 91.6 + 6 .9  
a ,  Range and mean based  on f i v e  d e t e r m i n a t i o n s  on d e f a t t e d  
a h a l .  
2 .2 .  Rapid  p r o c e d u r e s  f o r  t h e  e s t i m a t i o n  o f  n l e t h i o n i n e  and 
c y s t i n e :  
A s  m e n t i o n e d  e a r l i e r ,  t h e  slow and cumbersone p r o c e d u r e  
of amino a c i d  a n a l y s e r  i s  un:-ui%a>lc f o r  - c r e e n i n ~  
, ? e t h i o n i n e  and c y s t i n e  i n  a  c r o ?  irnproT,lsTe7t. r - c - r ? r r e  where  
, -., ! - f : :? : i~red,  t h e  a n a l y s e s  of l a r g e  r,,~lml;t?rs c l  r,:my.l-.,: - -  
P h e r e f o r e ,  t h e r e  was a :,eed t~ i c ~ t n t l - ~ : ~  I ".':;;.ndardize 
. u i t a b l e  r a p i d  p r o c e d u r e s  for-  '; . :  e9,.,irr,atlo!-! vf '  t h e s e  amino 
c i d s  f n  c h i c k p e a  a n d  p igco : ! ?+= .  Ke?sl i - .g  ;:I ~ i ? ? ,  t h e  
) l l o w i n g  r a p i d  proced::re; w , - - ' 3  5 ;~1C;i46 :
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(I) M i c r o b i o l o g i c a l  method f o r  t h e  e s t i m a t i o n  of  
me th ion ine  and c y s t i n e  
(11) C o l o r i m e t r i c  p rocedure  i n v o l v i n g  n i t r o p r u s s i d e  
r e a c t i o n  f o r  me th ion ine  e s t i m a t i o n  
(111) C o l o r i m e t r i c  e s t i m a t i o n  of c y s t i n e  us ing  t h e  
Goa p rocedure  
2.2.1.  M i c r o b i o l o g i c a l  method f o r  t h e  e s t i m a t i o n  of 
meth ionine  and c y s t i n e :  
M i c r o b i o l o g i c a l  method i s  based on t h e  p r i n c i p l e  t h a t  
c e r t a i n  microorganisms r e q u i r e  s p e c i f i c  n u t r i e n t s  f o r  
growth. Using a  b a s a l  medium complete  i n  a l l  r e s p e c t s  
e x c e p t  f o r  t h e  n u t r i e n t  (amino a c i d )  under s t u d y ,  growth 
r e s p o n s e s  of organisms a r e  compared q u a n t i t a t i v e l y  w i t h  a 
s t a n d a r d  and unknown s o l u t i o n s .  E i t h e r  t h e  a c i d  o r  t h e  
t u r b i d i t y  produced by t h e  microorganisms i s  measured t o  
de t e rmine  t h e  e x t e n t  o f  growth and the reby  i n d i r e c t l y  t h e  
amount of n u t r i e n t  p r e s e n t  i n  t h e  t e s t  s o l u t i o n .  
T o t a l  meth ionine  c o n t e n t  was de te rmined  by t h e  
m i c r o b i o l o g i c a l  a s say  us ing  t h e  organism L e g  
P-60 A T C  8042. The d e f a t t e d  sample (0 .25  g )  
was weighed i n t o  a c o n i c a l  f l a s k  and 2.5 m l  of 2 .5 N H C 1  was 
added and t h e  m i x t u r e  was a u t o c l a v e d  f o r  6  h r  a t  15 l b s  
p r e s s u r e  and cooled .  The pH was then  a d j u s t e d  t o  4.5 w i t h  
10 N NaOH and t h e  s o l u t i o n  was made up t o  25 m l ,  f i l t e r e d  
and stored i n  o o l d  and t o l u o n o  was addod 88 p r u m m a t i v e .  
An a l i y w t  of 2 m l  war t a k e n ,  and t h o  pH wa8 84)ustmd t o  6.8 
w i t h  d i l u t e  NaOH (0.1 W )  and mado up t o  10 ml. Then 
s u i t r b l o  a l i q u o t 8  (0.2,  0.4,  5.6,  0.8 and 1.0 a i l )  o f  t h o  
s o l u t i o n  wore p i p o t t e d  o u t  and made up t o  25 m l  w i t h  
d i s t i l l e d  water and t h i s  was fo l lowed  by t h e  a d d i t i o n  o f  
2.5 ml of  mo th ion ine  a r s a y  modlum (Difoo-0-423). T h i s  
medium o o n t a l n r  a l l  o t h e r  f a o t o r r  and amino a c i d 8  a e o e r s r r y  
e x e e p t  n o t h i o n i n e  f o r  t h e  normal growth of  lu v. 
S u i t a b l e  a l i q u o t 8  of  s t a n d a r d  s o l u t i o n s  of  me th ion ine  
(0-15 u g s )  were p i p e t t e d  o u t  and d i l u t e d  t o  2.5 m 1 .  Then 
2.5 m l  of b r 8 a l  medium war addod. A f t o r  p r a p a r i n g  t h e  
s t a n d a r d s  and t h e  samples ,  t h e  a r r a y  t u b o r  were oovorod w i t h  
mus l in  010th.  t h e n  w i t h  abeo'rbont o o t t o n ,  paakod well and 
s t e r i l i z e d  i n  an  a u t o c l a v e  f o r  10 minu te s  a t  15 l b 8  p r o r r u r o  
and oooled.  
One day p r i o r  t o  t h e  planned r a s a y ,  a  r u b o u l t u r e  war 
p r e p a r e d  from t h e  s t o o k  o u l t u r e  of  t h e  organism by 
i n o a u l a t i n g  t h e  organism i n t o  10 m l  o f  Baoto-mioro b r o t h .  
A f t e r  i n c u b a t i o n  a t  3 5 - 3 7 ' ~  f o r  16-24 h r ,  t h e  o e l l s  wore 
c e n t r i f u g e d  under  a s c e p t i c  o o n d i t i o n s  and t h e  s u p o r n a t a n t  
was d i s o a r d e d ,  The c e l l s  were washed r e p e a t e d l y  w i t h  0.9% 
sodium c h l o r i d e  s o l u t i o n  and f i n a l l y  t h o  0.11 s u s p 8 e r l o n  was 
d i l u t e d  5-100 times w i t h  s t e r i l e  8 o l u t i o n  o f  i s o t o n i ~ c  80d.1~~1 
c h l o r i d e .  One d r o p  of t h i s  s u s p e n r i o n  was added t o  eaoh o f  
t h e  t u b e s  w i t h  a s t e r i l e  s y r i n g e  and n e e d l e ,  under  s t e r i l e  
c o n d i t i o n  i n  a  i n o c u l a t i o n  chamber. Tho i n o o u l r t e d  t u b e s  
Page 1 0  
were t h e n  i n c u b a t e d  a t  35-37'~ f o r  16-20 hr and t h e  
t u r b i d i t y  was measured i n  a  n e p h e l o m e t e r  (Evans  E l e c t r o  
Se len ium Ltd .  , H a l s t e a d ,  Essex ,  Eng land) .  The s t a n d a r d  
r e a d i n g s  were  t h e n  plaited on a  g raph  and c a l c u l a t i o n s  were  
c a r r i e d  o u t  by u s i n g  t h i s  graph.  T h i s  p r o c e d u r e  was s t u d i e d  
f o r  i t s  a c c u r a c y  and r e p r o d u c i b i l i t y .  The s t a n d a r d  e r r o r  
and c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h i s  p r o c e d u r e  f o r  c h i c k p e a  
& .  ' ... '* 
and p igeonpea  a r e  g i v e n  i n  T a b l e  4 .  H e t h i o n i n e  r e c o v e r y  
v a l u e s  ranged  between 92.8  and 98.6% f o r  c h i c k p e a  and 
between 102.2 and 1 l O . i ~  f o r  p igeonpea ( T a b l e  2 ) .  
Using t h e  m i c r o b i o l o g i c a l  method,  30 c u l t i v a r s  o f  
c h i c k p e a  and 24 c u l t i v a r s  of p igeonpea were  a n a l y s e d  f o r  
t h e i r  m e t h i o n i n e  c o n t e n t  and t h e  r e s u l t s  were  compared w i t h  
t h o s e  of amino a c i d  a n a l y s e r  (Appendix 1 ) .  A compar i son  o f  
r e s u l t s  o b t a i n e d  by t h e s e  two methods f o r  m e t h i o n i n e  
e s t i m a t i o n  i s  shown i n  Appendix 1 .  A h i g h l y  s i g n i f i c a n t  
c o r r e l a t i o n  was o b s e r v e d  between t h e  v a l u e s  o b t a i n e d  by t h e  
m i c r o b i o l o g i c a l  and amino a c i d  a n a l y s e r  p r o c e d u r e s  f o r  b o t h  
c h i c k p e a  ( r  = 0.821') and pigeonpea ( r  = 0.89**), 
C y s t i n e  was e s t i m a t e d  m i c r o b i o l o g i c a l l y  u s i n g  
L s Z U m U S  m e s e n t e r a i d e s  a s  t e s t  o rgan i sm u s i n g  t h e  
p r o c e d u r e  s i m i l a r  t o  t h a t  of m e t h i o n i n e  a s s a y  e x c e p t  t h a t  
p r o t e i n  h y d r o l y s i s  was c a r r i e d  o u t  i n  2.5 N H C 1  f o r  1  h r ,  
S t a n d a r d  e r r o r  of  t h e  method was worked o u t  and r e c o v e r y  
: ~ ~ : a a s a y a :  were  conduc ted  b e f o r e  a n a l y s i n g  t h e  c u l t i v a r s  o f  
c h i c k p e a  ,and p igeonpea .  A l a r g e  v a r i a t i o n  i n  t h e  r e c o v e r y  
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v a l u e s  f o r  both ch ickpea  and pigeonpea was n o t i c e d  
( T a b l e  3 ) .  C o e f f i c i e n t  of v a r i a t i o n  of e s t i m a t i o n  by t h i s  
p rocedure  was h i g h ,  be ing  7.4% f o r  ch i ckpea  and 6.9% f o r  
pigeonpea.  c o n s i d e r a b l e  d i f f e r e n c e s  were a l s o  observed  when 
e q u a l  amounts of c y s t e i n e  and c y s t i n e  were assayed  by t h i s  
p rocedure .  E a r l i e r  workers  have a l s o  examined t h i s  
p rocedure  and have r e p o r t e d  i t  t o  be u n s u i t a b l e  f o r  c y s t i n e  
e s t i m a t i o n  (Hannah e t  a l .  1977) .  It  has  been r e p o r t e d  t h a t  
s i n c e  c y s t i n e  s u p p o r t s  more growth than  c y s t e i n e ,  t h e  
r e l a t i v e  amounts of both forms of t h e  amino a c i d  m u s t  be 
known b e f o r e  t h i s  m i c r o b i o l o g i c a l  a s say  can be used t o  
q u a n t i f y  t h e  l e v e l s  of t h e s e  amino a c i d s .  So i n  view of 
t h i s  r e p o r t  i t  was no t  cons ide red  worthwhile  t o  c o n t i n u e  
t h i s  procedure  f o r  c y s t i n e  d e t e r m i n a t i o n .  One draw back of 
m i c r o b i o l o g i c a l  procedure  i s  t h a t  t h e  procedure  i s  s l i g h t l y  
t e d i o u s  and slow and needs c a r e f u l  hand l ing  by an 
expe r i enced  person  f o r  a n a l y s i n g  about  10 samples  per  day. 
2.2.2, Rapid c o l o r i m e t r i c  procedure  f o r  meth ionine :  
The r a p i d  method of MacCarthy and S u l l i v a n  (1941)  
i n v o l v i n g  n i t r o p r u s s i d e  r e a c t i o n ,  was e v a l u a t e d  f o r  
me th ion ine  e s t i m a t i o n  i n  ch ickpea  and pigeonpea,  The 
p rocedure  o u t l i n e d  below was i n v e s t i g a t e d  and modi f ied  
s u i t a b l y  f o r  t h e s e  c r o p s .  As the-S-CH3 group of me th ion ine  
t a k e s  p a r t  i n  t h e  r e a c t i o n ,  t h e  amount of t h i s  amino a c i d  
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T a b l e  4 .  S t a n d a r d  e r r o r  and  c o e f f i c i e n t  o f  v a r i a t i o n  o f  
amino a c i d  a n a l y s e r  and  m i c r o b i o l o g i c a l  a s s a y a  
-----.----.----.-----------------------.-------------------- 
M e t h i o n i n e  ( g / 1 6 g  N )  
-------.--------------------------.--" 
Amino a c i d  M i c r o b i o l o g i c a l  
Crop a n a l y s e r  a s s a y  
Chickpea  Range 1.29 - 1.40 1.00 - 1.07 
(C-130) Mean 1.37 1.06 
S  E 0.05 0.03 
P i g e o n p e a  Range 1 .23 - 1.34 0.91 - 0.98 
C V 3 . 7 8  3 . 2 3  
............................................................ 
a ,  Based on f i v e  d e t e r m i n a t i o n s  on d e f a t t e d  d h a l .  
c a n  be d e t e r m i n e d  i n  p e p t i d e s  a s  w e l l  a s  t h i s  g r o u p  i s  f ree  
t o  r e a c t  w i t h  sodium n i t r o p r u s s i d e .  So t h e  h y d r o l y s i s  o f  
p r o t e i n  i s  a n  i m p o r t a n t  s t e p  and e f f o r t s  w e r e  f i r s t  made t o  
f i n d  o u t  t h e  s u i t a b l e  methods  o f  p r o t e i n  h y d r o l y s i s  f o r  t h i s  
p r o c e d u r e .  Two commonly u s e d  p r o c e d u r e s  f o r  p r o t e i n  
h y d r o l y s i s ,  a s  d e s c r i b e d  below,  were  s t u d i e d  t o  f i n d  o u t  
t h e i r  s u i t a b i l i t y  f o r  m e t h i o n i n e  d e t e r m i n a t i o n .  
I Ac id  h y d r o l y s i s  o f  p r o t e i n :  
D e f a t t e d  sample  (1.0 g )  was t a k e n  i n  a  h y d r o l y s i s  t u b e  
and  10 m l  o f  40% H C 1  was added a c c o r d i n g  t o  t h e  p r o c e d u r e  
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d e s c r i b e d  by Lunder ( 1973) .  A f t e r  p a r t i a l  e v a c u a t i o n ,  t h e  
t u b e  was s e a l e d  and hydro lysed  a t  1 2 0 ' ~  f o r  12 h r .  The 
sample was coo led  and t r e a t e d  w i t h  abou t  5  g of c h a r c o a l  t o  
d e c o l o u r i z e  t h e  h y d r o l y s a t e  which would o t h e r w i s e  i n t e r f e r e  
i n  t h e  c o l o r i m e t r i c  procedure .  The c o n t e n t  was f i l t e r e d  and 
t h e  r e s i d u e  was washed tho rough ly  w i t h  25% e t h y l  a l c o h o l  t o  
l i b e r a t e  t h e  absorbed  me th ion ine  on cha rcoa l .  F i n a l  volume 
was made t o  25 m l .  
11. Enzymatic h y d r o l y s i s  of p r o t e i n :  
P a r t i a l  p r o t e i n  h y d r o l y s i s  u s ing  t h e  enzyme papain 
(Sigma Chemical Co., USA) was c a r r i e d  o u t  a c c o r d i n g  t o  
Gehrke and Neuner ( 1 9 7 4 ) .  T h e w  workers  have shown t h a t  
p a r t i a l l y  hydro lysed  p r o t e i n  m a t e r i a l  was enough t o  al low 
q u a n t i t a t i v e  r e a c t i o n  of sodium n i t r o p r u s s i d e  w i t h  t h e  
exposed s u l p h u r .  To 0 .75  g  of d e f a t t e d  sample t aken  i n  a  
c o n i c a l  f l a s k ,  10 m l  of 0.1 M tris b u f f e r  pH 7.2 c o n t a i n i n g  
0.5% mercap toe thano l ,  0.002 M e t h y l e n e  d i a m i n o t e t r a  a c e t i c  
a c i d  (EDTA) were added. Hydro lys i s  was c a r r i e d  o u t  a t  5 0 ' ~  
f o r  4 h r .  The r e a c t i o n  was s topped  by adding a f e u  d r o p s  of 
phosphor i c  a c i d ,  Then t h e  c o n t e n t s  were t r a n s f e r r e d  and t h e  
f i n a l  volume was made t o  25 m l  w i th  d i s t i l l e d  w a t e r  and 
f i l t e r e d .  A l i q u o t s  of t h i s  s o l u t i o n  was taken  f o r  a n a l y s i s .  
The i n f l u e n c e  of d i f f e r e n t  b u f f e r  sys tems,  viz. phobphate 
b u f f e r  ( 0 . 1  MI sodium a c e t a t e  b u f f e r  (0 .1  M )  and  b o r a t e  
b u f f e r  ( 0 . 1  M )  a n d  d i f f e r e n t  d u r a t i o n s  o f  h y d r o l y s i s  w e r e  
s t u d i e d .  
M e t h i o n i n e  a s s a y  p r o c e d u r e :  
To s u i t a b l e  a l i q u o t s  ( 1 . 0  m l )  o f  a c i d  and  enzyme 
h y d r o l y s a t e s ,  1  m l  of 13  N NaOH and  1  m l  o f  5  N NaOH were  
addend r e s p e c t i v e l y  f o l l o w e d  by 1  m l  o f  1% g l y c i n e .  A f t e r  
m i x i n g ,  1  m l  o f  1% a q u e o u s  s o l u t i o n  o f  sodium n i t r o p r u s s i d e  
was  added  and  t h e  c o n t e n t s  were  mixed w e l l  and i n c u b a t e d  i n  
a  w a t e r  b a t h  a t  4 0 ' ~  f o r  10  min.  Then t h e  t u b e s  w e r e  
c o o l e d ,  5 m l  o f  p h o s p h o r i c  a c i d  ( 8 5 % )  was a d d e d  t o  d e v e l o p  
t h e  c o l o u r .  The c o n t e n t s  o f  t h e  t u b e s  w e r e  mixed w e l l  and 
r e a d  a t  520 nm. S t a n d a r d  m e t h i o n i n e  s o l u t i o n s  w e r e  t r e a t e d  
s i m i l a r l y  f o r  t h e  p r e p a r a t i o n  o f  a  s t a n d a r d  g r a p h .  
2 .2 .3 .  Compar ison o f  enzyme and a c i d  h y d r o l y s i s  f o r  t h e  
e s t i m a t i o n  o f  m e t h i o n i n e  by n i t r o p r u s s i d e  r e a c t i o n :  
M e t h i o n i n e  by n i t r o p r u s s i d e  r e a c t i o n  c o u l d  be c a r r i e d  
o u t  on a c i d  h y d r o l y s a t e  p r o v i d e d  t h e  h y d r o l y s a t e s  a r e  
d i s c o l o r i z e d  by c h a r c o a l  t r e a t m e n t  ( L u n d e r ,  1 9 7 3 ) .  I n  o r d e r  
t o  f i n d  o u t  t h e  u s e f u l n e s s  o f  a c i d  h y d r o l y s a t e ,  t h e  s a m p l e s  
w e r e  h y d r o l y  s e d  and  a f t e r  p a r t i a l  d i s c o l o r i z a t i o n  o f  t h e  
h y d r o l y s a t e  by c h a r c o a l  t r e a t m e n t  a s  d e s c r i b e d  e a r l i e r ,  
i ~ l i q u o t s  w e r e  a n a l y s e d  f o r  m e t h i o n i n e  c o n t e n t .  Ch ickpea  and  
p i g e o n p e a  s a m p l e s  were  a n a l y s e d  f o r  b o t h  enzyme and a c i d  
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h y d r o l y s i s  p r o c e d u r e s  and t h e  r e s u l t s  a r e  shown i n  T a b l e  5 .  
For bo th  c h i c k p e a  and p i g e o n p e a ,  much l o w e r  m e t h i o n i n e  
v a l u e s  w e r e  o b t a i n e d  by t h e  a c i d  h y d r o l y s i s  p r o c e d u r e .  When 
t h e  m e t h i o n i n e  r e c o v e r y  a s s a y s  w e r e  c a r r i e d  o u t ,  o n l y  a b o u t  
7 0  p e r c e n t  of  t h e  added  m e t h i o n i n e  t o  a c i d  h y d r o l y s a t e  was 
r e c o v e r e d .  I t  was c o n s i d e r e d  t h a t  c h a r c o a l  t r e a t m e n t  c o u l d  
r e s u l t  i n  l o w e r  v a l u e s  b e c a u s e  o f  t h e  a b s o r p t i o n  o f  
m e t h i o n i n e  on c h a r c o a l .  Recovery v a l u e s  d i d  n o t  improve 
e v e n  when e x c e s s i v e  w a s h i n g s  w i t h  h o t  w a t e r  and e t h y l  
a l c o h o l  were  g i v e n  t o  c h a r c o a l  t o  l i b e r a t e  a b s o r b e d  
m e t h i o n i n e .  Moreover ,  c h a r c o a l  t r e a t m e n t  of a c i d  
h y d r o l y s a t e  d i d  n o t  remove t h e  e x t r a n e o u s  c o l o r  c o m p l e t e l y .  
The r e m a i n i n g  c o l o u r  was p a l e  y e l l o w  and t h i s  m i g h t  have 
i n t e r f e r e d  i n  t h e  c o l o r i m e t r i c  e s t i m a t i o n .  
I t  i s  a l s o  q u i t e  p o s s i b l e  t h a t  d u r i n g  t h e  a c i d  
h y d r o l y s i s ,  p a r t  of  m e t h i o n i n e  c o u l d  be o x i d i s e d  t o  
m e t h i o n i n e  s u l p h o n e  o r  s u l f o x i d e  i f  t h e  h y d r o l y s i s  was n o t  
c a r r i e d  o u t  under  an  a t m o s p h e r e  of n i t r o g e n .  As m e t h i o n i n e  
s u l f o n e  and s u l f o x i a e  do n o t  d e v e l o p  c o l o u r  w i t h  
n i t r o p r u s s i d e  reaction, t h i s  c o u l d  a l s o  r e s u l t  i n  t h e  
u n d e r - e s t i m a t i o n  of  m e t h i o n i n e .  An i n d i c a t i o n  t o  t h i s  
e f f e c t  was o b s e r v e d  when l o w e r  m e t h i o n i n e  v a l u e s  o f  t h e  
sample  and l o w e r  r e c o v e r y  p e r c e n t  were  r e c o r d e d  w i t h  
i n c r e a s i n g  d u r a t i o n  of  h y d r o l y s i s  ( T a b l e  5 ) .  I t  was q u i t e  
o b v i o u s  from t h e s e  e x p e r i m e n t s  t h a t  t h e  a c i d  h y d r o l y s i s  
p r o c e d u r e  was u n s u i t a b l e  f o r  t h e  e s t i m a t i o n  o f  m e t h i o n i n e .  
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T a b l e  5, Comparison o f  p r o c e d u r e s  o f  a c i d  and enzyme h y d r o l y s i s  
f o r  m e t h i o n i n e  e s t i m a t i o n  by t h e  n i t r o p r u s s i d e  methoda 
-------L----------------------o-.-"---------m"------------------------ 
Crop Acid h y d r o l y s i s  t ime  ( h r )  Enzyme h y d r o l y s i s  t i m e  ( h r )  
-----------------*-*---- o------------------------- 
4 8  16 2 4 2  4  8 16 
------------.----------------------------*------------------------.--- 
Chickpea ( c v  G-130) 
Meth ion ine  0.67 0.84 0.70 0.71 0.92 1.26 1.28 1.20 
Pigeonpea (cv  ICP-1) 
Meth ion ine  0 .50 0.74 0 .52 0 .54 0.86 1.16 1.09 1.14 
i Recovery ( % I  58.40 74.03 66.56 60.38 94.46 95.00 95.10 92.45 
---------------------------------------------------------------------. 
a ,  D e f a t t e d  d h a l  samples  were  used and r e s u l t s  a r e  a v e r a g e s  of tuc  
d e t e r m i n a t i o n s .  
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The enzyme papain was found t o  be q u i t e  s u i t a b l e  f o r  
t h e  h y d r o l y s i s  purpose.  T h i s  enzyme i s  e a s i l y  a v a i l a b l e ,  
n o t  e x p e n s i v e  and does  n o t  c o n t a i n  meth ionine .  The 
d i f f e r e n t  b u f f e r  system$ c o n s i s t i n g  of b o r a t e ,  phosphate  and 
a c e t a t e  s o l u t i o n s  a t  pH 7.2 were s t u d i e d  and t h e  r e s u l t s  
were compared w i t h  t h a t  of t r i s - b u f f e r ,  pH 7 .2 .  R e s u l t s  
i n d i c a t e d  t h a t  t h e r e  was no i n t e r a c t i o n  due t o  d i f f e r e n t  
b u f f e r  sys tems employed f o r  enzyme h y d r o l y s i s  (Tab le  6 ) .  In  
t h e  absence  of any s i g n i f i c a n t  advan tages  of o t h e r  b u f f e r s ,  
0.1 M t r i s - b u f f e r  (pH 7 . 2 )  was fo l lowed f o r  f u r t h e r  
a n a l y s i s .  
Table  6 .  E f f e c t  of d i f f e r e n t  b u f f e r  sys tems on rnethionine 
e s t i m a t i o n a  
............................................................ 
0.1 M b u f f e r  ( p H  7 . 2 )  
................................. 
Crop Phosphate  B o r a t e  A c e t a t e  T r i s  
........ Methioninc (g /16g  K )  ........ 
Chickpea 1.28 1 .27  1.30 1.29 
(G-130) + 0.03 A 0.04 2 0.03 A 0.02 
Pigeonpea 1 .09 1 .OU 1.10 1.12 
(ICP-1) + 0.02 - + 0.03 2 0.03 f 9 - 0 2  
a ,  A n a l y s i s  of d h a l ,  Resclt: ;  2 r 5  a v e r a g e s  of f i v e  
d e t e r m i n a t i o n s .  
rage I C  
F u r t h e r  a t t e m p t s  were made t o  s tudy  o t h e r  favourable 
c o n d i t i o n s  f o r  enzyme h y d r o l y s i s .  Sodium ovaa ide  i s  
g e n e r a l l y  used a s  an enzyme a c t i v a t o r .  I n  our  s t u d y ,  t h e  
use  of  t h i s  aompound ' d i d  n o t  r e v e a l  any i rnp rov rmnt  i n  
me th ion ine  v a l u e s  s o  t h e  u se  of t h i s  compound was n o t  
c o n s i d e r e d ,  EDTA i s  used t o  bind heavy m e t a l s  which would 
o t h e r u i s e  i n a c t i v a t e  t h e  enzyme by b i n d i n g  t o  t h e  a c t i v e  
s i tes .  The use  of m e r a a ~ t o e t h a n o l  h a s  been recommended t o  
improve t h e  r ecove ry  of me th ion ine  by p r e v e n t i n g  t h e  
o x i d a t i o n  o r  l o s s  of  t h e  -S- CH3 group. Exper iments  were 
conducted  t o  s tudy  t h e  u s e f u l n e s s  of  t h e s e  compounds i n  ou r  
a s s a y  p rocedure  (Tab le  7 ) .  Even t-hough t h e r e  were no l a r g e  
d i f f e r e n c e s  i n  t h e  me th ion ine  v a l u e s  when EDTA and 
mercap toe thano l  were used ,  bo th  t h e s e  compounds were used a s  
a  p r e c a u t i o n a r y  measure.  
Tab le  7 .  E f f e c t  of mercap toe thano l  and e t h y l e n e d i a m i n o t e t r a -  
a c e t i c  a c i d  (EDTA) on me th ion ine  estimations 
Crop C o n t r o l  Mercaptoe thanol  EDTA 
------------------------------------------------------------ 
........ Heth ion ine  (g/16g N )  ......... 
Chickpea 1.28 1 .29 1.29 
Pigeon pea 1.09 1.10 1.09 
a ,  A n a l y s i s  o f  d h a l ,  R e s u l t s  a r e  a v e r a g e s  of  f i v e  
d e t e r m i n a t i o n s .  
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D i f f e r e n t  d u r a t i o n s  o f  enzyme h y d r o l y s i s  w e r e  s t u d i e d  
i n  o r d e r  t o  f i n d  ou t  t h e i r  e f f e c t s  on m e t h i o n i n e  e s t i m a t i o n .  
R e s u l t s  o f  s u c h  an e x p e r i m e n t  a r e  p r e s e n t e d  i n  T a b l e  5. No 
l a r g e  d i f f e r e n c e s  i n  m e t h i o n i n e  v a l u e s  w e r e  o b s e r v e d  e x c e p t  
t h a t  t h e  s a m p l e s  h y d r o l y s e d  f o r  2 h r  p roduced  s l i g h t l y  l o w e r  
v a l u e s ,  Lower v a l u e s  f o r  r e c o v e r y  a s s a y s  w e r e  o b t a i n e d  when 
t h e  h y d r o l y s i s  was c o n t i n u e d  beyond 8 h r .  T h i s  s t u d y  
s u g g e s t e d  t h a t  p r o l o n g e d  p e r i o d  o f  h y d r o l y s i s  was n o t  
n e c e s s a r y  a n d  enzyme h y d r o l y s i s  f o r  4 h r  was used f o r  
q u a n t i t a t i v e  m e t h i o n i n e  e s t i m a t i o n  by n i t r o p r u s s i d e  
r e a c t i o n .  
The n i t r o p r u s s i d e  r e a c t i o n  f o r  m e t h i o n i n e  h a s  a  h i g h  
d e g r e e  of  s p e c i f i c i t y .  We have  i n v e s t i g a t e d  t h e  p o s s i b l e  
i n t e r f e r e n c e  due  t o  o t h e r  s u l p h u r  c o n t a i n i n g  amino a c i d s  
s u c h  a s  c y s t e i n e ,  c y s t e i c  a c i d ,  m e t h i o n i n e ,  and  m e t h i o n i n e  
s u l f o x i d e ,  Only n e g l i g i b l e  amount o f  i n t e r f e r e n c e  was 
n o t i c e d  i n  c a s e  of  m e t h i o n i n e  s u l f o n e ,  m e t h i o n i n e  s u l f o x i d e ,  
c y s t e i n e ,  and  c y s t e i c  a c i d .  I t  h a s  been r e p o r t e d  t h a t  
c y s t i n e  and  c y s t e i n e  may complex w i t h  n i t r o p r u s s i d e  b u t  t h e  
p r o d u c t s  a r e  h i g h l y  u n s t a b l e  and b r e a k  down d u r i n g  a  s h o r t  
p e r i o d .  
Us ing  t h e  s t a n d a r d  a s s a y  c o n d i t i o n s ,  t h e  p r e c i s i o n  o f  
t h i s  r a p i d  p r o c e d u r e  was d e t e r m i n e d  and t h e  r e s u l t s  a r e  
shown i n  T a b l e  8. The p r o c e d u r a l  e r r o r  was more when t h e  
d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t  on  d i f f e r e n t  d a y s  a s  
compared t o  t h o s e  c o n d u c t e d  on  t h e  same day .  The 
c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  e s t i m a t i o n s  t h a t  were 
c a r r i e d  o u t  on  d i f f e r e n i  d a y s  was  6.48 a n d  4.80 f o r  c h i c k p e a  
and  p i g e o n p e a  r e s p e c t i v e l y .  However, t h e  p r o c e d u r e  a p p e a r s  
t o  be more  a c c u r a t e  f o r  p i g e o n p e a  a s  compared t o  c h i c k p e a .  
One r e a s o n  f o r  t h i s  c o u l d  be t h a t  i n  t h e  c a s e  o f  p i g e o n p e a ,  
t h e  f i l t r a t e  was  more  c l e a r  t h a n  c h i c k p e a .  
F i n a l l y  t h i s  a s s a y  p r o c e d u r e  was t e s t e d  t o  know i f  i t  
was  s u i t a b l e  f o r  t h e  a n a l y s i s  o f  d h a l  and whole  s e e d  
s a m p l e s .  T h e r e f o r e ,  who le  s e e d  s a m p l e s  o f  c u l t i v a r s  h a v i n g  
d i f f e r e n t  t e s t a  c o l o u r  were a n a l y s e d  and  t h e  v a l u e s  were 
compared w i t h  t h e i r  r e s p e c t i v e  d h a l  s a m p l e s .  C o n s i d e r a b l y  
h i g h e r  v a l u e s  w e r e  o b t a i n e d  f o r  who le  s e e d  s a m p l e s  which  
h a v e  d a r k e r  s e e d  c o l o u r  i n  p i g e o n p e a  a s  shown i n  T a b l e  9.  
T h i s  was  a l s o  f o u n d  t o  be t r u e  f o r  c h i c k p e a .  T h i s  shows 
some i n t e r f e r e n c e  due  t o  s e e d  c o a t  p i g m e n t s  s u g g e s t i n g  t h a t  
t h i s  p r o c e d u r e  would  be s u i t a b l e  f o r  d h a l  s a m p l e s  o n l y .  
F u r t h e r ,  i t  was  a l s o  o b s e r v e d  t h a t  t h i s  p r o c e d u r e  would  be 
s u i t a b l e  f o r  t h e  a n a l y s i s  o f  d e f a t t e d  s a m p l e s  a s  u n d e f a t t e d  
s a m p l e s  d i d  n o t  y i e l d  a  c l e a r  f i l t r a t e  a n d  t h i s  i n t e r f e r e d  
i n  t h e  c o l o r i m e t r i c  e s t i m a t i o n .  
T a b l e  8.  S t a n d a r d  e r r o r s  and c o e f f i c i e n t s  o f  v a r i a t i o n  of  
e s t i m a t i o n  o f  m e t h i o n i n e  ( n i t r o p r u s s i d e  
r e a c t i o n )  i n  c h i c k p e a  and p i g e o n p e a  
............................................................ 
C h i c k p e a  (G-130) P igeonpea  ( I C P - I )  
----------------- -------c----------- 
P . e t h i o n i n e  a  b  a  b  
............................................................ 
........ M e t h i o n i n e  ( g / 1 6 g  N )  .......,.. 
Kin 1 .04 0 .91 0 .98  0 .99  
Max - 1 . 1 5  1 . 1 7  1 .12 1 .13  
Mean 1 . 0 9  1 . 0 8  1 . 0 3  1.04 
CV "d 5.50  6 .48  3 .88 4.80 
............................................................ 
a ,  Ten d e t e r m i n a t i o n s  on t h e  ssme d a y ;  b ,  Ten 
d e t e r m i n a t i o n s  on d i f f e r e n t  d a y s  d u r i n g  two weeks  p e r i o d .  
T a b l e  9 .  E f f e c t  o f  s e e d  c o a t  c o l o u r  o f  p i g e o n p e a  on 
m e t h i o n i n e  e s t i m a t i o n  by t h e  n i t r o p r u s s i d e  method 
P r o t e i n  ( % l a  M e t h i o n i n e  
( g / 1 6 g  N )  
C u l t i v a r  S e e d  c o l o u r  ------------- --------------- 
Dhal Whole- Dhal Whole- 
s e e d  s e e d  
! ; Y - 3 C  W h i t e  23 .2  20.6  1 . O O  0 .96  
':P(WR)-15 Whi te  26 .1  2 3 . 0  1.07 0.79 
DN- 1 L i g h t  brown 2 5 . 0  21.9  0.86 1.20 
-1 1 Brown 23.2  2 0 . 9  1.06 1 .34 
............................................................ 
D e f a t t e d  s a z p l e ;  1; ;: 6 .25 .  
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2 .3  E s t i m a t i o n  of  c y s t i n e  by Goa method:  
Of t h e  v a r i o u s  a n a l y t i c a l  p r o c e d u r e s  a v a i l a b l e  i n  t h e  
l i t e r a t u r e ,  Goa method f o r  c y s t i n e  e s t i m a t i o n  h a s  been  
r e p o r t e d  t o  work s a t i s f a c t o r i l y  f o r  s e v e r a l  g r a i n  l e g u m e s  
(Goa,  1 9 6 1 ) .  The p r o c e d u r e  i s  based  on t h e  r e d u c t i o n  o f  
c y s t i n e  o r  c y s t e i n e  s u l p h u r  by h y d r a z i n e  h y d r a t e  t o  h y d r o g e n  
s u l p h i d e  which i s  d e t e r m i n e d  by t h e  c o l o r i m e t r i c  method.  
C y s t i n e  + H y d r a z i n e  --- 2H2S + N H 3  + Unknown s u b s t a n c e s  
T h i s  i s  o b t a i n e d  by l e a d i n g  t h e  hydrogen  s u l p h i d e  
fo rmed  by h y d r o z i n o l y s i s  i n t o  a s o l u t i o n  o f  b i s m u t h  n i t r a t e  
whereby b i s m u t h  s u l p h i d e  i s  formed and t h i s  i s  measured  
c o l o r i r n e t r i c a l l y .  T h i s  method was examined and m o d i f i e d  
s u i t a b l y .  
Reanents: 
a .  H y d r a z i n e  h y d r a t e  99 - 100% 
b. Bismuth n i t r a t e  s o l u t i o n :  D i s s o l v e  2 . 2  g  b i s m u t h  n i t r a t e  
p e n t a h y d r a t e  i n  250 m l  of  a  3 .2  p e r c e n t  s o l u t i o n  o f  m a n n i t 0 1  
i n  w a t e r .  To t h i s  s o l u t i o n ,  add 80 m l  g l y c e r o l  and 360 ml 
of 2 . 5  p e r c e n t  s o l u t i o n  o f  gum a r a b i c  i n  w a t e r .  D i l u t e  t o  1 
l i t r e  w i t h  0 .2  N a c e t a t e  b u f f e r  (pH 4 . 4 )  and f i l t e r ,  The 
r e a g e n t  a t  t h i s  pH was f o u n d  t o  be s t a b l e  f o r  a t  l e a s t  t h r e e  
weeks  w h e r e a s  t h e  p r e v i o u s l y  r e p o r t e d  r e a g e n t  of  pH 5 . 2  was 
found  s t a b l e  o n l y  f o r  2-3 d a y s .  
c .  S u l p h u r i c  a c i d  6 N .  
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D e f a t t e d  sample  (40-50 mg) was we ighed  and t r a n d f e r r e d  
i n t o  a  s c r e w  c a p  t u p e  ( 1 5  x 1 0 0 m m ) .  The s a m p l e  was 
d i s p e r s e d  by a d d i n g  1 . 0  m l  o f  d i s t i l l e d  w a t e r  and was 
f o l l o w e d  by a n  a d d i t i o n  o f  2 m l  o f  h y d r a z i n e  h y d r a t e  
( 9 9 - 1 0 0 1 ) .  H y d r a z i n e  h y d r a t e  s h o u l d  be added i n  s u c h  
amounts  s o  t h a t  t h e  f i n a l  c o n c e n t r a t i o n  is  50 t o  100%. 
S t a n d a r d  c y s t i n e  s o l u t i o n s  (0 t o  500 ug) were t r e a t e d  
s i m i l a r l y ,  The t u b e  was s t o p p e r e d  t i g h t l y  w i t h  a  sc rew c a p  
and  h e a t e d  a t  120°C f o r  1 8  h r .  A f t e r  c o o l i n g ,  1  m l  w a t e r  
was  added  and  t h e  t u b e  was c o n n e c t e d  t o  a  g l a s s  m a n i f o l d .  
The s y s t e m  was s o  d e s i g n e d  t h a t  w i t h  t h e  h e l p  o f  a  
c o n t i n u o u s  f l o w  o f  n i t r o g e n  g a s ,  hydrogen  s u l p h i d e  e v o l v e d  
on a d d i t i o n  o f  s u l p h u r i c  a c i d  c o u l d  be t r a p p e d  i n t o  b i s m u t h  
n i t r a t e  s o l u t i o n .  The m a n i f o l d  had 8 o u t l e t s  f o r  t h e  
a n a l y s i s  o f  8 s a m p l e s  a t  a  t i m e .  Ten m l  o f  b i s m u t h  n i t r a t e  
r e a g e n t  was p l a c e d  and  n i t r o g e n  g a s  was i m m e d i a t e l y  p a s s e d  
t h r o u g h  t h e  sys tem a f t e r  a d d i n g  5 rnl  of  6 N s u l p h u r i c  a c i d  
t o  t h e  t u b e s  c o n t a i n i n g  t h e  sample .  Under t h e s e  c o n d i t i o n s ,  
t h e  l i b e r a t e d  hydrogen  s u l p h i d e  g a s  was q u a n t i t a t i v e l y  t a k e n  
l n t o  a  b i smuth  n i t r a t e  r e a g e n t  w i t h i n  15  min,  The y e l l o w  
c o l o u r  of t h e  b i smuth  s u l p h i d e  t h u s  formed was r e a d  i n  a  
s p e c t r o p h o t o m e t e r  a t  400  nm w h i l e  u s i n g  b i s m u t h  r e a g e n t  a s  a  
b l a n k .  
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The impor t an t  m o d i f i c a t i o n  of t h i s  procedure  was t h e  
h y d r o z i n o l y s i s  of samples  i n  screw cap  t u b e s  i n s t e a d  of  
u s ing  sma l l  ampules. A f t e r  h y d r o z i n o l y s i s ,  t h e  screw cap  
t u b e  i t s e l f  was conn6cted t o  t h e  a e r a t i o n  mani fo ld .  T h i s  
m o d i f i c a t i o n  had two i m p o r t a n t  advan tages :  F i r s t l y ,  a 
c o n s i d e r a b l e  amount of t ime was saved which would o t h e r w i s e  
have been s p e n t  i n  t r a n s f e r r i n g  t h e  m a t e r i a l  from t h e  ampule 
i n t o  some o t h e r  t ube .  Secondly ,  t h e r e  i s  no l o s s  of  t h e  
hydroz ino lysed  m a t e r i a l  which o t h e r w i s e  could  have occu r red  
a s  a  r e s u l t  of t r a n s f e r  of t h e  m a t e r i a l  from an ampule t o  an 
a e r a t i o n  t u b e .  
Another m o d i f i c a t i o n  t h a t  was i n t r o d u c e d  i n  t h i s  
procedure  i s  t h e  r e d u c t i o n  of pH of bismuth n i t r a t e  s o l u t i o n  
from 5.2 t o  4 . 4 .  The bismuth n i t r a t e  s o l u t i o n  p repa red  i n  
a c e t a t e  b u f f e r  pH 4 . 4  was found t o  be q u i t e  s t a b l e  f o r  abou t  
t h r e e  weeks whereas t h e  same s o l u t i o n  a t  pH 5 .2  developed 
t u r b i d i t y  w i t h i n  2-3 days .  Cys t ine  r e s u l t s  were compared by 
us ing  bismuth n i t r a t e  s o l u t i o n s  of d i f f e r e n t  pH b u f f e r s  a s  
shown i n  Table  1 0 .  No n o t i c e a b l e  d i f f e r e n c e s  were observed  
a s  a  r e s u l t  of use  of d i f f e r e n t  pH b u f f e r s .  Keeping i n  mind 
t h e  s t a b i l i t y  of bismuth n i t r a t e  s o l u t i o n ,  t h e  a c e t a t e  
b u f f e r  of pH 4 . 4  was used. 
Using t h i s  modi f ied  procedure ,  t h e  recovery  a s s a y s  were 
conducted  and t h e  resul ts  were compared w i t h  t h e  o l d  
procedure .  I t  was noted t h a t  t h e  r ecove ry  v a l u e s  f o r  
c y s t i n e  were c o n s i d e r a b l y  lower i n  c a s e  of o l d  p rocedure  
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T a b l e  10. E f f e c t  o f  pH o f  b i s m u t h  n i t r a t e  s o l u t i o n  o n  
c y s t i n e  e s t i m a t i o n  by t h e  Goa p r o c e d u r e a  
pH o f  a c e t a t e  b u f f e r  
C u l t i v a r  ......................... 
4.4 4.8 5 9 2 
--------CI------L------------------------------------------- 
. C y s t i n e  ( g / 1 6 g  N )  ... 
L-550 1.20 1.18 1.21 
R a b a t  1.26 1.27 1.26 
850-3/27 0.98 1 . 0 5  1.05 
A n n i g e r i  1.17 1.04 1.04 
G-130 1.23 1.19 1.22 
- - - - - - - - - - C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
a ,  R e s u l t s  a r e  a v e r a g e s  o f  t w o  d e t e r m i n a t i o n s  o n  
d e f a t t e d  d h a l .  
t h a n  t h e  m o d i f i e d  p r o c e d u r e  ( T a b l e  11). T h e  h i g h e r  r e c o v e r y  
v a l u e s  c o u l d  b e  a t t r i b u t e d  t o  t h e  f a c t  t h a t  no  m a t e r i a l  w a s  
l o s t  i n  c a s e  o f  m o d i f i e d  p r o c e d u r e .  T h e  m o d i f i e d  p r o c e d u r e  
w a s  f u r t h e r  e x a m i n e d  a n d  d i f f e r e n t  d u r a t i o n s  o f  
h y d r o z i n o l y s i s  were s t u d i e d .  I n c r e a s i n g  t h e  t ime o f  
h y d r o z i n o l y s i s  u p  t o  1 8  h r ,  r e s u l t e d  i n  h i g h e r  c y s t i n e  
v a l u e s  ( T a b l e  121, C y s t i n e  v a l u e s  d e c r e a s e d  c o n s i d e r a b l y  
when t h e  h y d r o z i n o l y s i s  w a s  c o n t i n u e d  b e y o n d  24 h r .  
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T a b l e  11.  Comparison o f  p r o c e d u r e s  o f  h y d r o z i n o l y s i s  f o r  
c y s t i n e  e s t i m a t i o n a  
Crop Goa P r o c e d u r e  Modi f i ed  Goa P r o c e d u r e  
. . .. . C y s t i n e  Recovery ( 5 )  
Chickpea (G-130) 88.90 96.63 
P igeonpea  ( ICP-1)  90 53 98.75 
a ,  R e s u l t s  a r e  a v e r a g e s  o f  f o u r  d e t e r m i n a t i o n s  on d e f a t t e d  
d h a l .  
Al though ,  a  v e r y  s l i g h t  r e d u c t i o n  i n  c y s t i n e  v a l u e s  was 
n o t e d  when s a m p l e s  were  h y d r o z i n o l y s e d  f o r  24 h r  a s  compared 
t o  1 8  h r ,  t h e  h y d r o z i n o l y s i s  p e r i o d  o f  18 t o  24 h r  c a n  be 
u s e d  f o r  s c r e e n i n g  p u r p o s e .  The r e s u l t s  o f  o u r  s t u d i e s  a r e  
r e p o r t e d  b a s e d  on 18 h r  h y d r o z i n o l y s i s  ( T a b l e  1 2 ) .  
The i n t e r f e r e n c e  of  o t h e r  s u l p h u r  c o n t a i n i n g  amino 
a c i d s  i n  t h e  c o l o r i m e t r i c  e s t i m a t i o n  o f  c y s t i n e  was 
examined,  by a d d i n g  t h e s e  amino a c i d s  t o  t h e  samples .  The 
r e s u l t s  showed t h a t  minimal  i n t e r f e r e n c e  was o b t a i n e d  when 
m e t h i o n i n e  s u l f o n e ,  m e t h i o n i n e  s u l f o x i d e  and c y s t e i c  a c i d  
were  p r e s e n t  i n  t h e  s o l u t i o n .  
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Table 12, Effec t  of duration of hpdrozinolysis  on t h e  
e s t i m e t i o n ' ~ f  aystine by t h e  rqodified 
Goa proaedafiea 
Cystin? (&/16g N )  Reaovery ( 5  
Hydrozinolysis  ----------------- --*------------..,.. 
Time (hr )  Chickpea Pigeonpea Chiakpea Pigeonpea 
(G-130) (ICP-1 ) (G-130) (ICP-1) 
- . - - -~- .~IL--L--- . - - - - -m~.--- - - - - - - - -~-H-~~-.- - - -"- . -~- .  
3 0 1.30 1.10 86 57 91 .27 
-.--.--L-------.----.-------o.----.---o--------------------- 
a ,  Hydrozlnolysis  was c a r r l e d  ou t  a t  120'~ using de fa t t ed  
dhal  . 
Pigment i n t e r f e r e n c e  i n  co ' ior imetr ic  assay procedures 
i s  a  wel l  known f a c t .  Sinae t h e r e  was no d i r e c t  involvement 
of seed coat  pigment i n  t h e  assay procedure described here ,  
e f f e c t  of seed coa t  content  on t he  es t imat ion of cys t i ne  was 
s tud ied  (Table 13). The amount of seed coat  inf luenced t h e  
p ro t e in  content  of t h e  seed. However, no l a r g e  d i f f e r e n c e s  
i n  t he  ays t i ne  content  of dhal and whole seed were not iced 
when t he  r e s u l t s  were expressed a s  g/16g N .  T h i s  sugges t s  
t h a t  cys t i ne  a n a l y s i s  using t h i s  procedure could a l s o  be 
s a t i s f a c t o r i l y  conducted f o r  whole seed samples. 
P rec i s ion  of the  method was worked out  by a a f au l a t i ng  
t h e  s taqdsrd  e r r o r  and coe f f i aen t  of v a r i a t i o n  of c y s t i n e  
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e s t i m a t i o n .  Independent  d e t e r m i n a t i o n s  were c a r r i e d  o u t  on 
t h e  same day and on d i f f e r e n t  days.  C o e f f i c i e n t  of 
v a r i a t i o n  was h i g h e r  when t h e  samples  were ana lysed  on 
d i f f e r e n t  days  (Tab le  14). For de t e rmin ing  accuracy  of  t h e  
method, 65 c u l t i v a r s  of pigeonpea and 57 c u l t i v a r s  of 
Table  13.  E f f e c t  of s eed  c o a t  c o n t e n t  on t h e  e s t i m a t i o n  of 
c y s t i n e  by t h e  Goa method i n  chickpeas 
P r o t e i n  ( % )  Cys t ine  
( g / 1 6 g  N )  
C u l t i v a r  Seed c o l o r  Seed ------------ ------------ 
c o a t  Dhal Whole- Dhal Whole- 
( % )  seed  seed  
L-550 Salmon w h i t e  4.8 24.32 22.80 1 . 2 3  1 .13 
N P- 3 4 Salmon w h i t e  14.6  25.80 23.76 1 . 1 8  1 . 0 5  
JG-62 L igh t  brown 15.1 22.45 19.58 1 . 3 0  1 .16 
P-6292 Brown 16.4  21.60 18.07 1.29 1 .18  
Ka ka Black 16 .0  20.57 16 .75  1 .42  1 .26 
Hema Green 1 5 . 8  25.67 22.54 1 .10  0.97 
............................................................ 
a ,  R e s u l t s  a r e  a v e r a g e s  of two e s t i m a t i o n s .  
ch ickpea  were ana lysed  by t h i s  method and r e s u l t s  were 
compared w i t h  amino a c i d  a n a l y s e r  (Tab le  1 5 ) .  The 
c o r r e l a t i o n  c o e f f i c i e n t s  between t h i s  r a p i d  method and amino 
a c i d  a n a l y s e r  method were 0.87** and 0 .8511  f o r  ch ickpea  and 
p igeonpea ,  r e s p e c t i v e l y  ( T a b l e  1 6 ) .  Th i s  s u g g e s t s  t h a t  t h i s  
r a p i d  method may be used f o r  i n i t i a l  s c r e e n i n g  of t h e  
m a t e r i a l  depending on t h e  o b j e c t i v e s  of t h e  programme. 
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T a b l e  14. S t a n d a r d  e r r o r  and c o e f f i c i e n t  o f  v a r i a t i o n  of 
e s t i m a t i o n  o f  c y s t i n e  ( m o d i f i e d  Coa p r o c e d u r e )  
i n  c h i c k p e a  and  p i g e o n p e a  
Chickpea  (C7130) P igeonpea  (ICP-1) 
--------------- ----------------- 
a  b  a  b 
C y s t i n e  (g/16g N )  
M i  n  1 . 0 8  1.16 1.10 1 . 0 4  
Mean 1 .22 1 .29 1.20 1.16 
a ,  Ten e s t i m a t i o n s  w e r e  c a r r i e d  o u t  on t h e  same d a y ;  b ,  Ten 
e s t i m a t i o n s  were  c a r r i e d  o u t  on d i f f e r e n t  d a y s  d u r i n g  a  two 
week p e r i o d .  
T a b l e  15. M e t h i o n i n e  and c y s t i n e  v a l u e s  of  c h i c k p e a  and 
p i g e o n p e a  c u l t i v a r s  o b t a i n e d  by t h e  amino a c i d  
a n a l y s e r  and r a p i d  c o l o r i m e t r i c  p r o c e d u r e .  
Ch ickpea  ( n = 5 7 )  P igeonpea  ( n = 6 5 )  
--me------------------ ........................ 
M e t h i o n i n e  C y s t i n e  M e t h i o n i n e  Cy s t i n e  
---------- -------- ----------- ------------ 
a  b  a  b  a b  a  b 
Hean 1.17 1.20 1.16 1.19 1 . 0 5  1 . 0 8  0 .99 1 .05  
-_______-____L---------------------------------------------. 
a ,  A n a l y s i s  of  d e f a t t e d  d h a l  s a m p l e s ;  n  = number o f  ' 
o u l t i v a r s  a n a l y s e d ;  a  - I o n  exchange  chromatography  ( a m i n o  
a c i d  a n a l y s e r ) ;  b - C o l o r i m e t r i c  p r o c e d u r e s  f o r  m e t h i o n i n e  
( N i t r o p r u s s i d e  r e a c t i o n )  and  c y s t i n e  (Goa p r o c e d u r e ) .  
I n  o r d e r  t o  know t h e  a c c u r a c y  o f  t h i s  p r o a e d u r e  f o r  
c h i c k p e a  and p i g e o n p e a ,  65 c u l t i v a r s  o f  p i g e o n p e a  
(Appendix-3)  d h a l  s a m p l e s  r e p r e s e n t i n g  d i f f e r e n t  m a t u r i t y  
g r o u p s  and  57 c u l t i v a r s  o f  c h i c k p e a  d h a l  (Appendix-2)  
s a m p l e s  were  a n a l y s e d  f o r  m e t h i o n i n e  c o n t e n t  by t h e  
c o l o r i m e t r i c  p r o c e d u r e  and t h e  r e s u l t s  were  compared 
s t a t i s t i c a l l y  w i t h  t h o s e  o b t a i n e d  by an amino a c i d  a n a l y s e r .  
T h i s  s t u d y  showed a  c o n s i d e r a b l e  v a r i a t i o n  f o r  m e t h i o n i n e  
among t h e s e  c u l t i v a r s .  I n  t h e  c a s e  of  c h i c k p e a ,  m e t h i o n i n e  
( g / 1 6 g  N )  r a n g e d  between 0.91 and 1 .43  w i t h  a  mean v a l u e  of  
1 .20  ( T a b l e  1 5 )  when s a m p l e s  were  a n a l y s e d  by t h e  
n i t r o p r u s s i d e  p r o c e d u r e .  A s i m i l a r  v a r i a t i o n  was o b s e r v e d  
when t h e  s a m p l e s  were  a n a l y s e d  u s i n g  t h e  amino a c i d  
a n a l y s e r .  However, mean v a l u e s  were  s l i g h t l y  l o w e r  i n  t h e  
c a s e  of  amino a c i d  a n a l y s e r .  S i m i l a r  r e s u l t s  were  o b t a i n e d  
when p i g e o n p e a  s a m p l e s  were  a n a l y s e d  u s i n g  t h e  amino a c i d  
a n a l y s e r  and n i t r o p r u s s i d e  p r o c e d u r e s .  S t a t i s t i c a l  
c o m p a r i s o n  o f  t h e s e  methods  i n d i c a t e d  s i g n i f i c a n t  
c o r r e l a t i o n s  f o r  c h i c k p e a  ( 0 . 9 2 * * )  and p i g e o n p e a  ( 0 . 9 3 @ * )  a s  
g i v e n  i n  T a b l e  1 6 .  S t a n d a r d  e r r o r s  of  e s t i m a t e  were  0 .54  
and 0 .57  f o r  c h i c k p e a  and p i g e o n p e a  r e s p e c t i v e l y .  T h i s  
s t u d y  i n d i c a t e d  t h a t  r a p i d  c o l o r i m e t r i c  p r o c e d u r e  f o r  
m e t h i o n i n e  e s t i m a t i o n  can  be used s a t i s f a c t o r i l y  f o r  
s c r e e n i n g  p u r p o s e .  
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T a b l e  16 .  C o r r e l a t i o n  c o e f f i c i e n t s  be tween  r a p i d  c o l o r i -  
m e t r i c  and amino a c i d  a n a l y s e r  p r o c e d u r e s  f o r  
m e t h i o n i n e  and c y s t i n e  i n  c h i c k p e a  and p i g e o n p e a ?  
............................................................ 
Crop  C o r r e J a t i o n  S y x  R e g r e s s i o n  E q u a t i o n  
c o e f f i c i e n t  
C h i c k p e a  ( n = 5 7 )  
M e t h i o n i n e  0.92** 0 .54 Y = 0.09 + 0.86 x 
C y s t i n e  0  ..87** 0.62 Y = 0 .74  + 0 .38  x 
P i g e o n p e a  ( n = 6 5 )  
M e t h i o n i n e  0.93,s 0 .57 Y = -1 .13  + 1.97 x 
C y s t i n e  0 .85** 0 .63 Y = -0 .85 + 1 . 6 5  x 
a ,  A n a l y s i s  o f  d e f a t t e d  d h a l  s a m p l e s ;  c = number o f  
c u l t i v a r s  a n a l y s e d ;  **  S i g n i f i c a n t  a t  IS l e v e l .  
3.  R e l a t i o n s h i p  between t o t a l  s u l p h u r  and s u l p h u r  amino 
a c i d s :  
T o t a l  s u l p h u r  c o n t e n t  h a s  been s u g g e s t e d  a s  a n  
i n d i c a t o r  of  s u l p h u r  amino a c i d s  i n  some g r a i n  l e g u m e s ,  
w h e r e a s  f o r  o t h e r s  a  poor  c o r r e l a t i o n  h a s  been r e p o r t e d .  I n  
o r d e r  t o  a s c e r t a i n  i f  t o t a l  s u l p h u r  c o n t e n t  c o u l d  be u s e d  a s  
a  s c r e e n i n g  t e c h n i q u e  f o r  s u l p h u r  amino a c i d s  i n  c h i c k p e a  
a n d  p i g e o n p e a ,  t h e  r e l a t i o n s h i p  between t h e s e  v a r i a b l e s  was 
s t u d i e d  u s i n g  d e f a t t e d  d h a l  s a m p l e s  of  30 c u l t i v a r s  of 
c h i a k p e a  and 24 c u l t i v a r s  o f  p i g e o n p e a .  M e t h i o n i n e  and 
c y a t i n e  w e r e  e s t i m a t e d  a c c o r d i n g  t o  t h e  method of p e r f o r m i c  
r a g e  32 
a c i d  o x i d a t i o n  a s  d e s c r i b e d  e a r l i e r .  T o t a l  s u l p h u r  was 
d e t e r m i n e d  by t h e  p r o c e d u r e s  a s  d e s c r i b e d  below. We h a v e  
a l s o  p u b l i s h e d  d a t a  c o n c e r n i n g  t h i s  a s p e c t  ( J a m b u n a t h a n  and 
S i n g h ,  1 9 8 1 ) .  
3 .1  Methods o f  t o t a l  s u l p h u r  e s t i m a t i o n :  
I n  o r d e r  t o  e n s u r e  t h a t  t o t a l  s u l p h u r  was d e t e r m i n e d  
a c c u r a t e l y  two methods  were  compared.  T o t a l  s u l p h u r  was 
d e t e r m i n e d  by t h e  we t  d i g e s t i o n  method a s  f o l l o w s :  A 
s u i t a b l e  amount of  sample  ( 1  g )  was d i g e s t e d  w i t h  10 r n l  o f  
n i t r i c  a c i d  i n  a  T e c a t o r  d i g e s t i o n  t u b e  ( 2 5 0  m l )  f o r  30 min 
a t  100°C i n  a  b l o c k  d i g e s t o r .  A f t e r  c o o l i n g ,  6 m l  of  
70  p e r c e n t  p e r c h l o r i c  a c i d  was added and d i g e s t i o n  c o n t i n u e d  
f o r  60  rnin a t  2 3 5 O C .  T h e  c o n t e n t s  were  a l l o w e d  t o  c o o l  and 
10  m l  o f  6 N H C 1  was added b e f o r e  rnaklng volume t o  250 m l .  
To 15 m l  o f  t h i s  a l i q u o t ,  250 mg of  f i n e l y  g round  ba r ium 
c h l o r i d e  was a d d e d  and a f t e r  m i l d  s h a k i n g  f o r  10 min,  t h e  
p e r c e n t  t r a n s m i t t a n c e  ( T I  of  t h e  t u r b i d  s u s p e n s i o n  u a s  
measured  a t  420 nm i n  a  s p e c t r o n i c - 2 0  s p e c t r o p h o t o m e t e r .  
The q u a n t i t y  o f  s u l p h a t e  i n  t h e  a l i q u o t  was r e a d  f rom a  
s t a n d a r d  g r a p h  p r e p a r e d  by u s i n g  p o t a s s i u m  s u l p h a t e .  
T o t a l  s u l p h u r  c o n t e n t  o f  t h e  d h a l  s a m p l e s  was a l s o  
d e t e r m i n e d  by t h e  Leco S u l p h u r  A n a l y s e r  (Leco  C o r p o r a t i o n ,  
S t ,  J o s e p h ,  M i c h i g a n ,  USA). Samples  w e r e  s u b j e c t e d  t o  
c o m b u s t i o n  i n  a  s t r e a m  o f  oxygen and t h e  r e l e a s e d  s u l p h u r  
d i o x i d e  was measured  c o l o r i r n e t r i c a l l y  a c c o r d i n g  t o  t h e  
p r o c e d u r e  d e s c r i b e d  i n  t h e  manual .  Recovery e x p e r i m e n t s  
u s i n g  m e t h i o n i n e  and  c y s t i n e  were  a l s o  c a r r i e d  o u t  by b o t h  
t h e  methods .  
The s t a n d a r d  e r r o r s  and c o e f f i c i e n t s  o f  v a r i a t i o n  of  
t h e  w e t  d i g e s t i o n  and  t h e  Leco a n a l y s e r  p r o c e d u r e s  a r e  shown 
i n  T a b l e  1 7 .  The means ,  s t a n d a r d  e r r o r s  and c o e f f i c i e n t s  o f  
v a r i a t i o n  w e r e  h i g h e r  f o r  t h e  Leco s u l p h v r  a n a l y s e r  t h a n  
T a b l e  1 7 .  S u l p h u r  e s t i m a t i o n  by t h e  wet d i g e s t i o n  method 
a n d  t h e  Leco s u l p h u r  a n a l y s e r  ( g / 1 0 0 g  m e a l ) :  
s t a n d a r d  e r r o r s  and c o e f f i c i e n t s  o f  v a r i a t i o n a  
............................................................ 
Wet d i g e s t i o n  Leco a n a l  y  s e r  
------------------- ------------------- 
Chickpea  P igoenpea  Chickpea  P igeonpea  
............................................................ 
Minimum 0.205 0 .125 0.217 0.133 
Maximum 0.225 0.150 0 .251 0.162 
Mean 0.215 0 .136 0 . 2 3 8  0.146 
CV ( 5 )  3.16 4.48 5.60 8 . 9 2  
............................................................ 
a ,  Mean v a l u e s  o f  10 d e t e r m i n a t i o n s .  
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f o r  t h e  wet d i g e s t i o n  method b u t  t h e  r e s u l t r  o b t a i n e d  by 
b o t h  t h e  methods  were h i g h l y  a o r r e l a t e d  ( r  x 0 .944*)  w i t h  
e a c h  o t h e r .  The r e s u l t s  o f  r e c o v e r y  e x p e r i m e n t s  a r e  shown 
i n  T a b l e  18. ~ e t h i o n i n e  g a v e  a s l i g h t l y  l o w e r  r e a o v e r y  by 
t h e  w e t  d i g e s t i o n  p r o c e d u r e .  C y s t i n e ,  and  m e t h i o n i n e  
t o g e t h e r  w i t h  c y a t i n e  gave  e x c e l l e n t  r e c o v e r i e s  by b o t h  t h e  
methods .  Based on t h e s e  f i n d i n g s ,  t h e  w e t  d i g e s t i o n  method 
r e s u l t s  w e r e  u s e d  f o r  c o r r e l a t i o n  s t u d i e s  be tween t o t a l  
s u l p h u r  and  s u l p h u r  amino a c i d s .  
T a b l e  18.  Recovery o f  s u l p h u r  from m e t h i o n i n e  and  c y s t i n e a  
--------------------- - - - - -  - 
Wet d i g e s t i o n  Leco a n a l y s e r  
------------------- ------------------- 
Compound Chickpea  P i  geonpea  Chickpea  P i  geonpea  
- - 
............... Recovery ( X I  ................ 
H e t h i o n i n e  91.3 i 5.7 91.6 i 3.5 95.4 k 3.2 97.3  k 4.7 
C y s t i n e  99.9 3.6 96.5  k 4.0 97.1 i 4.6 97.2 i 5.3 
H e t h i o n i n e  
and  
C y s t i n e  94.3 4 . 4  101.0 i 6.2 98.8 i 6.6 97.8 i 4.0 
............................................................ 
a ,  Mean v a l u e s  o f  8 d e t e r m i n a t i o n s .  
3.2. V a r i a t i o n  i n  t o t a l  s u l p h u r  and s u l p h u r  amino a c i d s :  
The i n d i v i d u a l  v a l u e s  of t o t a l  s u l p h u r ,  m e t h i o n i n e ,  
c y s t i n e  and  t h e  s u l p h u r  c o n t e n t  of  s u l p h u r  amino a c i d s  i n  
r e l a t i o n  t o  t h e  t o t a l  s u l p h u r  c o n t e n t  i n  30  c h i c k p e a  
c u l t i v a r s  a r e  shown i n  Appendix 4. T o t a l  s u l p h u r  a s  p e r c e n t  
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of s amples  v a r i e d  between 0 .17  and 0.27 w i t h  a mean v a l u e  of 
0 .22 ,  showing a  d i f f e r e t i o e  of about  57% between t h e  l a w e s t  
and h i g h e s t  v a l u e s .  T o t a l  s u l p h u r  a s  p e r o e n t  of p r o t e i n  
v a r i e d  between 0.82 add 1.41 w i t h  a  mean v a l u e  of 1.13 and 
t h e  r e l a t i v e  d i f f e r e n o e  botueen  t h e  l o w e s t  and h i g h e s t  v a l u e  
was a b o u t  72%. T o t a l  s u l p h u r  amino a c i d s  a s  p e r c e n t  of 
p r o t e i n  v a r i e d  between 2.02 and 2.63 w i t h  a  mean of 2.31 
w h i l e  t h e  v a l u e s  e x p r e s s e d  a s  p e r c e n t  of sample were found 
t o  va ry  between 0.36 and 0.57, t h e  v a r i a t i o n  being about  
57%. The s u l p h u r  c o n t e n t  of me th ion ine  and c y s t i n e  acounted  
f o r  54.8% of  t o t a l  s u l p h u r  w h i l e  t h e  i n d i v i d u a l  v a l u e s  
r anged  between 41 .0  and 67 .65 . .  T h i s  i n d i c a t e d  t h a t  a 
c o n s i d e r a b l e  amount of t h e  t o t a l  su lphu r  was p r e s e n t  i n  
f o rms  o t h e r  t h a n  s u l p h u r  amino a c i d s .  
A comparison of  t o t a l  s u l p h u r ,  me th ion ine ,  c y s t i n e  and 
t h e  s u l p h u r  c o n t e n t  of s u l p h u r  amino a c i d s ,  i n  r e l a t i o n  t o  
t h e  t o t a l  s u l p h u r  c o n t e n t  i n  24 pigeonpea c u l t i v a r s  a r e  
shown i n  Appendix 5.  T o t a l  su lphu r  a s  p e r c e n t  of pigeonpea 
sample v a r i e d  between 0.14 and 0.19,  t h e  v a r i a t i o n  be ing  
a b o u t  30 p e r c e n t  between t h e  l o w e s t  and h i g h e s t  v a l u e s .  
T o t a l  s u l p h u r  amino a c i d s  a s  p e r c e n t  of p r o t e i n  v a r i e d  
between 1.76 and 2.55 w i t h  a  mean o f  2.11. When e x p r e s s e d  
a s  p e r c e n t  of sample they v a r i e d  between 0.38 and 0.57 w i t h  
a mean of 0 .47 ,  t h e  v a r i a t i o n  be ing  about  505. T ~ e  amount 
o f  s u l p h u r  i n  meth ionine  and c y s t i n e  t o g e t h e r  accounted  f o r  
75.5% of t o t a l  s u l p h u r ,  r ang ing  from 59.2 and 84.63. 
Chickpea  showed a  l a r g e r  v a r i a t i o n  I n  p r o t e i n  content 
t h a n  p i g e o n p e a ,  t h o u g h  t h e  mean p r o t e i n  a o n t e n t  of o h i o k p e a  
was l o w e r .  The mean v a l u e s  f o r  t o t a l  s u l p h u r  e x p r e s s e d  a s  
p e r c e n t  o f  sample  (0.22) o r  a s  p e r c e n t  o f  p r o t e i n  ( 1 . 1 3 )  
( i n d i c a t e d  a b o v e )  were  h i g h e r  i n  c h i c k p e a  t h a n  i n  p i g e o n p e a  
which  had t h e  v a l u e s  0 .17 and 0 .74 r e s p e c t i v e l y .  However, 
t h e  two s p e c i e s  d i d  n o t  d i f f e r  much i n  t h e  mean v a l u e s  f o r  
s u l p h u r  amino a c i d s  e x p r e s s e d  e i t h e r  a s  p e r c e n t  of sample  o r  
a s  p e r c e n t  of  p r o t e i n .  A l s o ,  t h e  s u l p h u r  c o n t e n t  of  
m e t h i o n i n e  and c y s t i n e  a c c o u n t e d  f o r  a  h i g h e r  p r o p o r t i o n  o f  
t h e  t o t a l  s u l p h u r  i n  p i g e o n p e a  ( 7 5 . 5 5 )  t h a n  i n  c h i c k p e a  
( 5 4 . 8 % ) .  I t  was o b v i o u s  t h a t  b o t h  c r o p s  had c o n s i d e r a b l e  
amounts  of  o t h e r  s u l p h u r  compounds i n  a d d i t i o n  t o  r n e t h i o n i n e  
and c y s t i n e  and a p p a r e n t l y  c h l c k p e a  had h i g h e r  e x t r a n e o u s  
s u l p h u r  compounds. 
3 .3 .  C o r r e l a t i o n  between t o t a l  s u l p h u r  and s u l p h u r  amino 
a c i d s :  
The c o r r e l a t i o n  c o e f f i c i e n t s  between t o t a l  s u l p h u r  and 
s u l p h u r  amino a c i d s  of  c h i c k p e a  and p i g e o n p e a  a r e  shown i n  
T a b l e  1 9 .  I n  c h i c k p e a ,  on a  whole  sample  b a s i s ,  t h e  
p e r c e n t a g e  p r o t e i n  and t o t a l  s u l p h u r  were  s i g n i f i c a n t l y  and 
p o s i t i v e l y  c o r r e l a t e d  w i t h  p e r c e n t a g e  cy s t i n e ,  me t h i o n i n e  
and  c y s t i n e  p l u s  m e t h i o n i n e  and w i t h  e a c h  o t h e r .  The 
c o r r e l a t i o n  between p e r c e n t a g e  p r o t e i n  and c y s t i n e  p l u s  
m e t h i o n i n e  was 0 .809**,  i n d i c a t i n g  t h a t  a b o u t  65% v a r i a t i o n  
i n  t h e s e  amino a c i d s  can  be a t t r i b u t e d  t o  t h e  l e v e l s  o f  
p r o t e i n  i n  t h e  s a m p l e .  When e x p r e s s e d  a s  p e r c e n t a g e  
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of p r o t e i n  i n  sample, t h e  c o r r e l a t i o n  of p r o t e i n  w i t h  
methionine  was s i g n i f i c a n t  and n e g a t i v e  whi l e  wi th  c y s t i n e  
and c y s t i n e  p l u s  methionine ,  i t  was n e g a t i v e  but  
i n s i g n i f i c a n t .  The c o r r e l a t i o n  of t o t a l  su lphur  a s  pe rcen t  
of sample w i t h  c y s t i n e ,  me t h i o n i n e ,  c y s t i n e  p l u s  methionine  
a s  pe rcen t  of p r o t e i n  was i n s i g n i f i c a n t  i n d i c a t i n g  t h a t  any 
r a p i d  method of e s t i m a t i n g  t o t a l  su lphur  may not  y i e l d  
r e l i a b l e  in fo rmat ion  on t h e  su lphur  amino a c i d  c o n t e n t s  of 
t h e  sample. However, a s  t h e  number of c u l t i v a r s  t e s t e d  i n  
t h i s  s t u d y  was s m a l l ,  f u r t h e r  e v a l u a t i o n  w i t h  more number of 
samples i s  necessary  t o  a s c e r t a i n  t h e s e  o b s e r v a t i o n s .  
I n  pigeonpea,  t o t a l  su lphur  was c o r r e l a t e d  w i t h  
c y s t i n e ,  methionine and c y s t i n e  p l u s  methionine  on whole 
sample b a s i s  wh i l e  p r o t e i n  was c o r r e l a t e d  w i t h  methionine  
and t o  a l e s s e r  magnitude ( r  = 0 . 3 9 2 ' )  w i t h  c y s t i n e  p l u s  
methionine .  
When expressed  a s  a  percentage  of p r o t e i n  i n  t h e  
sample, t h e  c o r r e l a t i o n  of p r o t e i n  w i t h  su lphur  amino a c i d s  
was i n s i g n i f i c a n t .  To ta l  su lphur  a s  pe rcen t  of sample 
showed a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h  c y s t i n e ,  
methionine and c y s t i n e  p lus  rnethionine when expressed  a s  
pe rcen t  of p r o t e i n .  This  d i f f e r s  from t h e  r e s u l t s  o b t a i n e d  
w i t h  ch ickpea  and i n d i c a t e s  t h e  p o s s i b i l i t y  of us ing  t o t a l  
s u l p h u r  c o n t e n t  a s  an  i n d e x  o f  s u l p h u r  amino a c i d s  i n  
p igec r ,pea .  T h i s  n e e d s  t o  be f u r t h e r  v e r i f i e d  w i t h  l a r g e  
n u a b e r s  o f  s a m p l e s .  
4. E v a l u a t i o n  o f  r a p i d  methods  o f  t r y p t o p h a n  e s t i m a t i o n :  
T r y p t o p h a n  h a s  been r e p o r t e d  t o  be t h e  second  l i m i t i n g  
e s s e n t i a l  amino a c i d  i n  c h i c k p e a  and p i g e o n p e a .  T h i s  amino 
a c i d  i s ,  t h e r e f o r e ,  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  b r e e d i n g  
programmes t h a t  a r e  aimed a t  i m p r o v i n g  t h e  p r o t e i n  q u a l i t y  
o f  t h e s e  f o o d  l egumes .  
T r y p t o p h a n ,  however ,  i s  d e s t r o y e d  by a c i d  h y d r o l y s i s  
e v e n  u n d e r  c o n d i t i o n s  t h a t  a r e  b e s t  s u i t e d  f o r  o t h e r  amino 
a c i d s .  T h e r e f o r e ,  s e v e r a l  methods  have been d e v e l o p e d  f o r  
i t s  d e t e r m i n a t i o n  and among t h e  v a r i o u s  p r o c e d u r e s ,  a l k a l i n e  
h y d r o l y s i s ,  b i o l o g i c a l  and e n z y m a t i c  a s s a y s ,  v a r i o u s  
c o l o r i m e t r i c  me thods  have  been employed f o r  d i f f e r e n t  c r o p  
m a t e r i a l  and h a v e  been p u b l i s h e d  ( H u g l i  and Moore, 1972 . ,  
Rarna Rao e t  a l . ,  1 9 7 4 . ,  Lewis e t  a l . ,  1976. ,  and Concon, 
1 9 7 5 ) .  
4 . 1 .  Methods of t r y p t o p h a n  e s t i m a t i o n :  
The f o l l o w i n g  two r a p i d  c o l o r i m e t r i c  me thods  of 
t r y p t o p h a n  e s t i m a t i o n  were  examined and compared w i t h  t h e  
s t a n d a r d  method t o  f i n d  o u t  t h e i r  s u i t a b i l i t y  i n  t e rms  of 
accuracy  and r a p i d i t y  of t h e  p rocedures  f o r  s c r e e n i n g  
purpose i n  ch i ckpea  and pigeonpea.  
( a )  S t anda rd  c o n v e n t i o n a l  method (Method 1  ) : 
The method i n v o l v i n g  t h e  p r i n c i p l e  of i o n  exchange 
chromatography a f t e r  a1 k a l  i n e  h y d r o l y s i s  was fo l lowed (Hug1 i 
and Moore, 1972) and d e s i g n a t e d  a s  Method I. 
Procedure :  
F i n e l y  ground d e f a t t e d  sample ( 1 0 0  t o  150 mg) was t aken  
i n  a  po lypropylene  tube  and 3 m l  of 5  N NaOH was added. The 
polypropylene  tube  was kep t  i n s i d e  a n o t h e r  g l a s s  t ube  which 
was s e a l e d  a f t e r  e v a c u a t i o n .  Then t h e  tube  was kep t  i n  an 
oven f o r  h y d r o y s i s  f o r  24 h r  a t  1 l o O c .  The h y d r o l y s a t e  was 
a d j u s t e d  t o  pH 4.25 and t r y p t o p h a n  was de termined  by t h e  ion  
exchange chromatography procedure  u s i n g  t h e  amino a c i d  
a n a l y s e r .  
( b )  E s t i m a t i o n  of t ryp tophan  by Concon procedure  (Method 2 ) :  
T h i s  method i s  based on t h e  p r i n c i p l e  of Hopkins 
C o l e - r e a c t i o n  where in  i r o n  i n  t h e  presence  of s u l p h u r i c  a c i d  
c o n v e r t s  a c e t i c  a c i d  t o  g l y o x y l i c  a c i d  t h a t  i n  t u r n  r e a c t s  
w i t h  b i o l o g i c a l  m a t e r i a l  (Friedman and F i n e l y ,  1971) .  
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R e a g e n t s  : 
A c e t i c  a c i d  - f e r r i c  c h l o r i d e  s o l u t i o n :  D i s s o l v e  
0 .54  g of f e r r i c  c h l g r i d e  i n  1 .0  m l  of  w a t e r  c o n t a i n i n g  a  
few d r o p s  o f  a c e t i c  a c i d  t o  p r e v e n t  t h e  f o r m a t i o n  o f  
i n s o l u b l e  f e r r o u s  h y d r o x i d e .  To 0 . 5  m l  o f  t h i s  s o l u t i o n ,  
g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  2% a c e t i c  a n h y d r i d e  was 
a d d e d ,  t o  a  f i n a l  volume of  one  l i t r e .  T h i s  r e a g e n t  i s  
s t a b l e  i n d e f i n i t e l y .  S u l p h u r i c  a c i d  (25 .8  N )  and sodium 
h y d r o x i d e  ( 0 . 0 7 5  N )  were  a l s o  p r e p a r e d .  
P r o c e d u r e :  
For  e x t r a c t i o n  o f  p r o t e i n ,  d e f a t t e d  sample  ( 1 0 0  t o  150 
mg) was we ighed  i n  a  t e s t  t u b e .  Ten m l  of 0 .075  N sodium 
h y d r o x i d e  was added  and t h e  sample  was mixed w e l l  on a 
v o r t e x  m i x e r .  The t u b e  was t h e n  s h a k e n  on a  m e c h a n i c a l  
s h a k e r  f o r  1 h r .  Then t h e  c o n t e n t  was c e n t r i f u g e d  
( 1 2 , 0 0 0  x g  f o r  15 m i n )  and t h e  s u p e r n a t a n t  was s a v e d .  
P r o t e i n  i n  t h e  s u p e r n a t a n t  was d e t e r m i n e d  by t h e  
m i c r o K j e l d a h 1  method.  To one  m l  p r o t e i n  e x t r a c t  i n  a  t e s t  
t u b e ,  3 m l  o f  g l a c i a l  a c e t i c  a c i d  - f e r r i c  c h l o r i d e  s o l u t i o n  
was  a d d e d ,  To t h i s  2 . 0  m l  of  25.8 N s u l p h u r i c  a c i d  was  
a d d e d  r a p i d l y  and mixed w e l l  t o  a  homogenous s o l u t i o n .  The 
c o l o u r  d e v e l o p e d  was s t a b i l i z e d  by i n c u b a t i n g  t h e  sample  a t  
6 0 ° c  f o r  45 min.  Then t h e  sample  was c o o l e d  t o  room 
t e m p e r a t u r e  i n  an i c e - w a t e r  b a t h  and t h e  a b s o r b a n c e  was 
r e c o r d e d  a t  545 nm a g a i n s t  t h e  r e a g e n t  b l a n k .  For  p r e p a r i n g  
a  s t a n d a r d  c u r v e ,  d i f f e r e n t  c o n c e n t r a t i o n s  o f  s t a n d a r d  
t r y p t o p h a n  s o l u t i o n s  (0 -40 .0  ug /ml )  were  a l s o  t r e a t e d  i n  a 
s i m i l a r  way. 
( c )  D e t e r m i n a t i o n  o f  t r y p t o p h a n  by t h e  S p i e s  and  Chamber 
P r o c e d u r e  (Method 3 )  : 
T h i s  method i s  based  on t h e  e s t i m a t i o n  o f  t r y p t o p h a n  by 
i t s  r e a c t i o n  w i t h  p - d i m e t h y l a m i n o b e n z a l d e h y d e  ( D A B )  and 
s u b s e q u e n t  deve lopment  of  a b l u e  c o l o u r  by o x i d a t i o n  w i t h  
sodium n i t r i t e .  
R e a g e n t s :  P - d i m e t h y l a m i n o b e n z a l d e h y d e  ( D A B ) ,  
S u l p h u r i c  a c i d ,  19 N 
Sodium n i t r l t e ,  0 .045% 
P r o c e d u r e :  
S u i t a b l e  amount of  sample  (20-25  mg) was t a k e n  i n  a  
t e s t  t u b e .  Then 10 ml of  s o l u t i o n  of  d i m e t h y l  
a m i n o b e n z a l d e h y d e  ( 3  mg/ml i n  19 N s u l p h u r i c  a c i d )  was added  
and t h e  sample  was i n c u b a t e d  i n  d a r k  a t  room t e m p e r a t u r e  ( 2 5  
+ 2 ' ~ )  f o r  18  h r .  A f t e r  i n c u b a t i o n ,  0 . 1  m l  of  0 .045  p e r c e n t  
-
s o l u t i o n  of  sodium n i t r i t e  was added and c o n t e n t  was s h a k e n  
t o  a  homogenous m i x t u r e .  A f t e r  k e e p i n g  t h e  s o l u t i o n s  a t  
room t e m p e r a t u r e  f o r  30 min ,  r e a d i n g s  were  t a k e n  a t  590  nm 
i n  s p e c t r o n i c - 2 1  s p e c t r o p h o t o m e t e r .  S t a n d a r d  t r y p t o p h a n  
s o l u t i o n s  ( 0  t o  120 ug /ml )  were  a n a l y s e d  i n  a  s i m i l a r  way 
and a  s t a n d a r d  c u r v e  was p r e p a r e d .  
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I n  o r d e r  t o  t e s t  if Methods  2 a n d  3 d e s c r i b e d  above c a n  
b e  u s e d  f o r  t h e  e s t i m a t i o n  o f  b o t h  p r o t e i n  bound a n d  f r e e  
t r y p t o p h a n ,  e n z y m a t i c  h y d r o l y s i s  o f  p i g e o n p e a  a n d  c h i c k p e a  
s a m p l e s  was c a r r i e d  o u t  a s  m e n t i o n e d  be low.  To 200 m g  
d e f a t t e d  s a m p l e  15 m l  o f  p r o n a s e  (S igma Chem. Co , ,  USA) 
s o l u t i o n  ( 0 . 4  mg/ml)  i n  0 .1  M p h o s p h a t e  b u f f e r  (pH 7.5)  was  
a d d e d .  A few d r o p s  o f  t o l u e n e  w e r e  a d d e d  t o  p r e v e n t  t h e  
m i c r o b i a l  g r o w t h .  E n z y m a t i c  h y d r o l y s i s  was  c a r r i e d  o u t  f o r  
2 4 ,  48 a n d  72 h r  t o  know t h e  opt imum t i m e  o f  h y d r o l y s i s .  
The  s a m p l e  was  t h e n  c e n t r i f u g e d  a t  1 2 , 0 0 0  x g f o r  15  min and  
t h e  p r o t e i n  c o n t e n t  i n  t h e  s u p e r n a t a n t  was  d e t e r m i n e d  by t h e  
m i c r o K j  e l d a h l  me thod .  Recove ry  o f  . added  t r y p t o p h a n  was  a 1  s o  
c a l c u l a t e d .  
The  u s e f u l n e s s  o f  any  method f o r  s c r e e n i n g  p u r p o s e  c a n  
be e v a l u a t e d  i n  t e r m s  o f  i t s  r a p i d i t y  and  s i m p l i c i t y  w i t h i n  
t h e  a c c e p t a b l e  limits o f  a c c u r a c y  and  p r e c i s i o n .  A l s o ,  t h e  
c o s t  of  a n a l y s i s  p e r  s a m p l e  s h o u l d  be t a k e n  i n t o  
c o n s i d e r a t i o n  w h i l e  w o r k i n g  o u t  t h e  s u i t a b i l i t y  o f  a  
p r o c e d u r e  f o r  s c r e e n i n g  l a r g e  number s  o f  s a m p l e s .  I t  s h o u l d  
be  m e n t i o n e d  h e r e  t h a t  a n a l y s i s  o f  s a m p l e s  by Method I i s  
v e r y  c o s t l y ,  s l o w  and  cumbersome,  w h e r e a s  Method 2 a n d  
Method 3 a r e  s i m p l e  a n d  r a p i d  and  a l s o  t h e  c o s t  o f  a n a l y s i s  
p e r  s a m p l e  i s  s u b s t a n t i a l l y  l o w e r  t h a n  t h e  Method I. More 
number o f  a n a l y s e s  p e r  p e r s o n  p e r  day a r e  p o s s i b l e  by u s i n g  
t h e  Method 3 a s  compared  t o  Method 2 .  
4.2 .  Comparison of d i f f e r e n t  method8 of t r y p t o p h a n  
d e t e r m i n a t i o n :  
Keeping i n  view , t h e  s i m p l i c i t y  and r a p i d i t y  of 
Methods 2 and 3 some a s say  c o n d i t i o n s  f o r  t h e s e  p rocedures  
were examined. Values o b t a i n e d  on p r o t e i n  bound and f r e e  
t ryp tophan  by both t h e s e  methods were e s t i m a t e d  a f t e r  
enzymat ic  h y d r o l y s i s  a s  d e s c r i b e d  above. D i f f e r e n t  
d u r a t i o n s  of enzymat ic  h y d r o l y s i s  were a l s o  s t u d i e d .  No 
l a r g e  d i f f e r e n c e s  were observed  when t h e  t ryp tophan  
e s t i m a t i o n  was c a r r i e d  o u t  on enzyme h y d r o l y s a t e s  and both 
t h e  methods gave s i m i l a r  r e s u l t s .  In t h e  c a s e  of pigeonpea 
and ch ickpea  enzyme h y d r o l y s i s  produced s l i g h t l y  h i g h e r  
r e s u l t s  when a s sayed  by Method 2 ( T a b l e  2 0 ) .  I t  i s  
i n t e r e s t i n g  t o  no te  t h a t  t h e  t ryp tophan  v a l u e s  o b t a i n e d  on 
unhydrolysed and hydro lysed  samples  of ch ickpea  and 
pigeonpea were s i m i l a r .  T h i s  s u g g e s t s  t h a t  enzyme 
h y d r o l y s i s  was no t  a  neces sa ry  p r e r e q u i s i t e  f o r  t h e s e  two 
methods. 
I n  t h e  c a s e  of Method 2 ,  t h e  use of a c e t i c  anhydr ide  i n  
t h e  r e a c t i o n  mix tu re  i s  impor t an t  a s  t r a c e s  of wa te r  i n  t h e  
a c e t i c  a c i d  will a f f e c t  t h e  t ryp tophan  v a l u e s .  Higher  
v a l u e s  f o r  t ryp tophan  were ob ta ined  when a c e t i c  anhydr ide  
was no t  used i n  t h e  r e a g e n t  (Tab le  2 1 ) .  Tryptophan v a l u e s  
T a b l e  2 0 .  E f f e c t  o f  h y d r o l y s i s  on  t r y p t o p h a n  v a l u e s  
( g / 1 6 g  N )  o b t a i n e d  by M e t h o d s  2  a n d  3? 
Enzyme h y d r o l y s i s  f o r  d i f f e r e n t  
Method  P r o t e i n  bougd d u r a t i o n s  ( h r )  
t r y p t o p h a n  ............................... 
( u n h y d r o l y s e d )  2 4 4 8  7  2  
Method 2 :  
C h i c k p e a  1 . 1 6  1 . 2 8  1 . 2 6  1 . 3 0  
(G-130)  ( 9 8 . 7 )  ( 1 0 4 . 4 )  ( 9 7 . 5 )  ( 1 0 0 . 8 )  
P i g e o n p e a  0 . 9 8  1 . 1 7  1 . I 8  1 . 1 7  
( I C P - 1 )  ( 1 0 0 . 6 )  ( 9 9 . 2 )  ( 1 0 2 . 5 )  ( 9 6 . 7 )  
IWihQd 3: 
C h i c k p e a  1 . 0 9  1 . 1 2  1 . 0 5  0 .94  
(G-130)  ( 1 0 4 . 5 )  ( 1 1 6 . 3 )  ( 1 1 0 . 8 )  ( 1 0 8 . 9 )  
P i g e o n p e a  0 . 9 6  0 . 8 9  0 . 7 5  0 . 9 0  
( I C P - 1 )  ( 9 7 . 8 )  ( 1 0 2 . 2 )  ( 9 8 . 3 )  ( 1 0 0 . 5 )  
............................................................ 
a ,  A n a l y s i s  o f  d e f a t t e d  d h a l  s a m p l e ,  t r y p t o p h a n  v a l u e s  
( g / 1 6 g  N )  a r e  a v e r a g e s  o f  t h r e e  d e t e r m i n a t i o n s ;  
V a l u e s  w i t h i n  p a r e n t h e s i s  show t h e  r e c o v e r y  ( $ 1 .  
T a b l e  2 1 .  E f f e c t  o f  a c e t i c  a n h y d r i d e  on t h e  e s t i m a t i o n  o f  
t r y p t o p h a n  by Method 2 .  
-----------------------------------------------------------. 
A c e t i c  T r y p t o p h a n  ( g / 1 6 g  N )  R e c o v e r y  ( % I  
a n h y d r i d e  ------------------ ---------------- 
c o n c .  ( $ 1  Range Mean Range Me a n  
---___-_---------------------------------------------------. 
3  1.23-1.24 1 . 2 4  95 .3-97 .6  96 .1  
............................................................ 
a ,  D e f a t t e d  d h a l  s a m p l e s .  
d e c r e a s e d  when t h e  c o n c e n t r a t i o n  of  a c e t i c  a n h y d r i d e  was 
i n c r e a s e d  and t h i s  was f o u n d  t o  be t h e  case f o r  b o t h  
c h i c k p e a  and p i g e o n p e a .  Minimal c o n c e n t r a t i o n  o f  a c e t i c  
a n h y d r i d e  which r e s u l t e d  i n  a l m o s t  c o m p l e t e  r e c o v e r y  o f  
added t r y p t o p h a n  was o b s e r v e d  t o  be 25 and t h i s  
c o n c e n t r a t i o n  was u s e d  i n  a l l  o u r  p r o c e d u r e s .  
The c o n c e n t r a t i o n  of  P-dimethylarninobenzaldehyde ( D A B )  
p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  e s t i m a t i o n  o f  t r y p t o p h a n  by 
Method 3. D i f f e r e n t  c o n c e n t r a t i o n s  of  DAB were  examined.  
T r y p t o p h a n  v a l u e s  i n c r e a s e d  up t o  a  c o n c e n t r a t i o n  o f  2 rng/rnl 
T a b l e  2 2 .  E f f e c t  of  c o n c e n t r a t i o n  of  p-dimethy l a m i n o -  
b e n z a l d e h y d e  on t h e  e s t i m a t i o n  o f  
t r y p t o p h a n  by Method 3 ?  
T r y p t o p h a n  ( g / 1 6 g  N 1 
DAB c o n c .  ................................... 
(mg/ml)  Ch ickpea  ( C - 1 3 0 )  Pigeonpea  ( I C P - 1 )  
a ,  R e s u l t s  a r e  a v e r a g e s  of  two e s t i m a t i o n s .  
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r e a c t i o n  m i x t u r e .  H i g h e r  c o n c e n t r a t i o n  o f  DAB d i d  n o t  
r e s u l t  i n  a n y  m e a s u r a b l e  i n c r e a s e  i n  t r y p t o p h a n  v a l u e  
( T a b l e  2 2 ) .  B a s e d  on  t h e s e  r e s u l t s ,  DAB c o n c e n t r a t i o n  o f  
3 mg/ml r e a c t i o n  m i x t u r e  i s  s u g g e s t e d  f o r  t r y p t o p h a n  
e s t i m a t i o n  i n  c h i c k p e a  a n d  p i g e o n p e a .  I n  t h e  p r o c e d u r e  
d e s c r i b e d ,  i t  i s  r e q u i r e d  t h a t  mea l  s a m p l e s  s h o u l d  be k e p t  
o v e r n i g h t  i n  DAB s o l u t i o n  t o  s o l u b i l i z e  p r o t e i n s  t o  f o r m  a  
s t a b l e  complex  w i t h  t r y p t o p h a n .  R e s u l t s  o b t a i n e d  w i t h  
d i f f e r e n t  i n c u b a t i o n  p e r i o d s  showed t h a t  t r y p t o p h a n  v a l u e s  
i n c r e a s e d  u p  t o  a n  i n c u b a t i o n  p e r i o d  o f  20 h r  and  a f t e r w a r d s  
t h e r e  was  no c h a n g e  ( T a b l e  2 3 ) .  The c o n c e n t r a t i o n  o f  sod ium 
n i t r i t e  w h i c h  i s  u s e d  a s  an  o x i d i z i n g  a g e n t  i n  t h i s  
p r o c e d u r e  a l s o  p l a y s  a n  i m p o r t a n t  r o l e .  D i f f e r e n t  
c o n c e n t r a t i o n s  o f  sod ium n i t r i t e  w e r e  s t u d i e d  and  a  
c o n c e n t r a t i o n  of  0 .045% was  f o u n d  t o  be s a t i s f a c t o r y  f o r  
T a b l e  2 3 .  E f f e c t  o f  i n c u b a t i o n  p e r i o d s  o n  t h e  e s t i m a t i o n  
o f  t r y p t o p h a n  by Method 3$ 
T r y p t o p h a n  ( g / 1 6 g  N )  
I n c u b a t i o n  .................................. 
p e r i o d  ( h r )  C h i c k p e a  ( G - 1 3 0 )  P i g e o n p e a  i I C P - I )  
2 4  1 . 0 8  0 .75  
........................................................... 
a ,  R e s u l t s  a r e  a v e r a g e s  o f  two e s t i m a t i o n ~  o n  d e f a t t e d  d h a i  
b o t h  c h i c k p e a  and  p i g e o n p e a .  S t u d i e s  w e r e  a l s o  c o n d u c t e d  t o  
f i n d  o u t  t h e  e r r o r  of  e s t i m a t i o n  o f  t r y p t o p h a n  by Methods 2  
and 3 i n  c o m p a r i s o n  w i t h  t h e  s t a n d a r d  Method I ( T a b l e  24). 
The c o e f f i c i e n t s  o f  v a r i a t i o n  r a n g e d  f rom 1.69 f o r  Method 2  
t o  5.11 f o r  Method I .  The d a t a  f u r t h e r  show t h a t  
r e p r o d u c i b i l i t y  of  t h e  Method 3 was s l i g h t l y  l o w e r  t h a n  
Method 2 .  T r y p t o p h a n  r e c o v e r y  a s s a y s  w e r e  c o n d u c t e d  u s i n g  
t h e s e  t h r e e  methods .  A c o n s i d e r a b l e  v a r i a t i o n  i n  p e r c e n t  
r e c o v e r y  v a l u e s  was o b s e r v e d  between Method 2  and Method 3 .  
While  r e c o v e r y  r e s u l t s  o b t a i n e d  by Method I and Method 3 
were  c o m p a r a b l e ,  l o w e r  r e c o v e r y  v a l u e s  was o b t a i n e d  i n  c a s e  
o f  c h i c k p e a  f o r  Method 2 ( T a b l e  2 5 ) .  
T a b l e  2 4 .  P r e c i s i o n  of  d i f f e r e n t  me thods  used  f o r  t h e  
e s t i m a t i o n  of  t r y p t o p h a n  i n  c h i c k p e a  
and p igeonpeaa  
Method n  Range Me a n  S.E.  C . V .  ( 5 )  
Chickpea  (G-130) :  
Method I 9 0 .94 - 1 . 0 3  0 . 9 8  0 . 0 3 3  3 - 3 5  
Method 3 12 0 .85  - 0.96 0 .90 0 .032  3.56 
P igeonpea  ( I C P - 1 )  : 
Method I 17 0 .70  - 0.81 0 .75 0 . 0 3 8  5 .11 
Method 2  14 0 .73 - 0 . 7 6  0 .75  0 .013 1 .69 
Method 3  20 0 .63 - 0.71 0.67 0 .023  3 . 4 2  
........................................................ 
a ,  A n a l y s i s  o f  d e f a t t e d  d h a l  sample .  
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F o r t y  c u l t i v a r s  o f  c h i c k p e a  (Appendix-6)  and 2 1  
c u l t i v a r s  o f  p igeonppa  (Appendix-7)  were  a n a l y s e d  f o r  
t r y p t o p h a n  u s i n g  t h e s e  methods .  A l a r g e  v a r i a t i o n  i n  
t r y p t o p h a n  c o n t e n t  a p p e a r e d  t o  e x i s t  among t h e  c u l t i v a r s  o f  
p i g e o n p e a  and c h i c k p e a  ( T a b l e  2 6 ) .  The r e s u l t  of  
c o r r e l a t i o n  c o e f f i c i e n t s  s t a n d a r d  e r r o r s  of  e s t i m a t i o n  and 
r e g r e s s i o n  e q u a t i o n  o b t a i n e d  between t h e  Method I and t h e  
o t h e r  two methods  a r e  shown i n  T a b l e  27 .  I n  t h e  c a s e  of 
c h i c k p e a ,  Method I was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
Method 2 ( r =  0 . 8 7 * * )  and Method 3 ( r =  0 . 7 9 * * ) ,  However, i t  
T a b l e  25. Recovery of added t r y p t o p h a n  o b t a i n e d  by 
d i f f e r e n t  methods  i n  c h i c k p e a  
and p i g e o n p e a  
Recovery ( % )  
Method No of  ...................... 
e s t i m a t i o n s  Range Mean 
C h i c k p e a  : 
Method I 5 95.8 - 102.5 100.2 
Method 2 4 91.8 - 93.5 93.0 
Method 3 5 98.8 - 100.7 99.9 
P i g e o n p e a  : 
Method I 5 103.8 - 106 .1  105.0 
Method 2 4 93.8 - 105.5 99.4 
Method 3 4 99.9 - 103.6 101.5 
was o b s e r v e d  t h a t  Hethod 2 p roduaed  r e s u l t s  w i t h  higher  
s t a n d a r d  e r r o r s  o f  e s t i m a t i o n  i n  c o m p a r i s o n  w i t h  H t t h o d  3.  
C o r r e l a t i o n  c o e f f i c i e n t  be tween  Method 2 and Method 3 were  
h i g h e r  t h a n  t h o s e  between Method 1 ,  and  r a p i d  methods  
(He thod  2 and Method 3 ) .  S i m i l a r  o b s e r v a t i o n  was o b t a i n e d  
f o r  p i g e o n p e a  t h a t  i n d i c a t e  a  c l o s e  a g r e e m e n t  between t h e  
s t a n d a r d  method and  t h e s e  r a p i d s  t e s t e d ,  T h i s  m i g h t  have  
happened  due t o  s l i g h t l y  h i g h e r  e r r o r  of d e t e r m i n a t i o n  of  
t h e  s t a n d a r d  method i t s e l f  a s  shown i n  T a b l e  24 .  These  
T a b l e  26 .  T r y p t o p h a n  c o n t e n t  of  c h i c k p e a  and p i g e o n p e a  
a n a l y s e d  by t h r e e  d i f f e r e n t  me thods  
Crop P r o t e i n  ( 5 )  T r y p t o p h a n  ( g / 1 6 g  N )  
----------------- .................... 
Range Mean Range Mean 
............................................................ 
Chickpea  ( n = 4 0 )  
Method I 1 9 . 8  - 29.9 24 .0  0 . 8 5  - 1.64 1.15 
Method 2 n n 0.80 - 1 .67  1.16 
Method 3 tt 11 0.78 - 1.53 1.14 
P igeonpea  ( n = 5 4 )  
Method I 1 8 . 8  - 26.9  23.5 0.64 - Oe93 0.74 
Method 2 n u 0.65 - Oe89 0.75 
Method 3 n II 0.64 - 0.95 0.74 
............................................................ 
n  = number o f  c u l t i v a r s  a n a l y s e d  u s i n g  d e f a t t e d  dhrl s a m p l e ,  
s t u d i e s  c l e a r l y  show t h a t  M e t h o d  2 a n d  M e t h o d  3 a r e  
c o m p a r a b l e  w i t h  e a c h  o t h e r  a n d  t h e  t r y p t o p h a n  L ,: u(: 
o b t a i n e a  by  e i t h e r  o f  t h e s e  t w o  m e t h o d s  d o  n o t  d i f f e r  
s i g n i f i c a n t l y  from t h o s e  o f  t h e  s t a n d a r d  m e t h o d .  T h e r e f o r e ,  
i t  seems t h a t  b o t h  M e t h o d  2 a n d  M e t h o d  3 c a n  b e  u s e d  f o r  
s c r e e n i n g  p u r p o s e .  C o n s i d e r i n g  t h e  s i m p l i c i t y  a n d  r a p i d i t y  
o f  t h e  p r o c e d u r e ,  M e t h o d  3 i s  s u g g e s t e d  f o r  s c r e e n i n g  l a r g e  
n u m b e r s  o f  s a m p l e s .  
T a b l e  2 7 .  S t a t i s t i c s  f o r  c o m p a r i n g  t h e  d e g r e e  o f  
correlation b e t w e e n  r a p i d  m e t h o d s  a n d  s t a n d a r d  
m e t h o d  f o r  t h e  e s t i m a t i o n  o f  t r y p t o p h a n  c o n t e n t  
C r o p  M e t h o a  Correlation Sy x R e g r e s s i o n  e q u a t i o n  
c o e f f i c i e n t  
P i g e o n p e a  1 v s  2 0.85** 5.55 y = 0 . 4 1  + 0.54~ 
5 .  R e l a t i o n s h i p  b e t w e e n  p r o t e i r ,  c o n t e n t  a r : d  a m l n o  a c i d s  i n  
c h i c k p e a  a n d  p ; g e o n p e a  : 
I n  c e r e a l  g r a i n s ,  a n  i r ~ v e r s t  r e l a t l o n s h l p  b e t w e e n  
p r o t e i n  c o n t e n t  a n a  ~ t s  q u a , i t y ,  p a r t i c u l a r l y  I n  terms o f  
l y s i n e  l e v e l s ,  h a s  r e c e i v e d  much a t t e n t i o n .  T h i s  
r e l a t i o n s h i p  i s  d u e  t i  t h e  o b s e r v a t i o n  t h a t  d u r i n g  
m a t u r a t i o n  o f  c e r e a l  s e e d s ,  p r o t e i n s  which  a r e  d e f i c i e n t  i n  
l i m i t i n g  e s s e n t i a l  amino' a c i d s  ( e g .  l y s i n e )  a r e  d e p o s i t e d  i n  
t h e  g r a i n s .  So f a r  a s  g r a i n  l e g u m e s  a r e  c o n c e r n e d ,  t h i s  
a s p e c t  h a s  n o t  been t h o r o u g h l y  i n v e s t i g a t e d ,  The 
r e l a t i o n s h i p  between p r o t e i n  c o n t e n t  and e s s e n t i a l  l i m i t i n g  
amino a c i d s  of c h i c k p e a  and p i g e o n p e a  was s t u d i e d  and 
s e v e r a l  c u l t i v a r s  o f  c h i c k p e a  and p i g e o n p e a  w e r e  a n a l y s e d  
f o r  t h e s e  c o n s t i t u e n t s .  
A l o t  of  80 c h i c k p e a  germplasm a c c e s s i o n s  grown d u r i n g  
1977-78 were a n a l y s e d  f o r  m e t h i o n i n e  c o n t e n t  by t h e  
m i c r o b i o l o g i c a l  method ( A p p e n d i x - 8 ) .  P r o t e i n  c o n t e n t  was 
d e t e r m i n e d  by t h e  T A A  p r o c e d u r e  which r a n g e d  from 15.2  t o  
2 9 . 6  p e r c e n t  a s  shown i n  T a b l e  28.  M e t h i o n i n e  ( g / 1 0 0 g  m e a l )  
r a n g e d  between 0 .21  and 0 . 4 1  w i t h  a  mean v a l u e  of  0 .29  and 
m e t h i o n i n e  a s  g /16g  N v a r i e d  f rom 1 . 1 0  t o  1 . 6 3  w i t h  mean 
b e i n g  1 .29 ( T a b l e  2 8 ) .  
P r o t e i n  c o n t e n t  was p o s i t i v e l y  and s i g n i f i c a n t l y  
c o r r e l a t e d  ( r =  0.861*" w i t h  m e t h i o n i n e  c o n t e n t  a s  p e r c e n t  
of  meal ( g / 1 0 0 g  m e a l ) ,  b u t  a  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n  ( r =  -0 .451**)  was o b t a i n e d  between p r o t e i n  
c o n t e n t  and m e t h i o n i n e  a s  p e r c e n t  of p r o t e i n  ( g / 1 6 g  N). 
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The s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  between me t h i o n i n e  
( g / 1 0 0 g  m e a l )  and p r o t e i n  c o n t e n t  i n d i c a t e s  t h a t  a b o u t  ' [ b  
p e r c e n t  of t h e  v a r i a t i o n  i n  m e t h i o n i n e  c o n t e n t  may be due t u  
t h e  v a r i a t i o n  i n  p r o t e i n .  The i m p l i c a t i o n  of  t h i s  
T a b l e  28.  M e t h i o n i n e  and p r o t e i n  c o n t e n t  of  80 c h i c k p e a  
germplasm l i n e s  grown d u r i n g  1977-78  
------------------------------------------------------------ 
Minimum Maximum Mean C o r r e l a t i o n  
c o e f f i c i e n t  
between pro-  
t e i n  and 
me t h i o n i n e  
............................................................ 
P r o t e i n  ( $ 1  15 .2  29 .6  2 2 . 5  - 
H e t h i o n i n e  
( g / 1 0 0 g  s a m p l e )  0 .21 0 . 4 1  0 . 2 9  + 0 .861**  
M e t h i o n i n e  
**  S i g n i f i c a n t  a t  1 %  l e v e l .  
o b s e r v a t i o n  i s  t h a t  t h e  v a r i a t i o n  i n  rne th ion ine  c o n t e n t  may 
a p p e a r  l a r g e r  i f  t h e  r e s u l t s  a r e  e x p r e s s e d  a s  m e t h i o n i n e  
c o n t e n t  g /100g mea l .  I n  o r d e r  t o  i n v e s t i g a t e  t h e  g e n e t i c  
v a r i a b i l i t y  f o r  t h i s  t r a i t  i n  t h e  germplasm c o l l e c t i o n ,  i t  
i s  s u g g e s t e d  t h a t  m e t h i o n i n e  be e x p r e s s e d  a s  g/16g N. A 
s i m i l a r  r e l a t i o n s h i p  was found t o  e x i s t  i n  t h e  c a s e  of  
p i g e o n p e a  a s  w e l l .  
5 , 1  R e l a t i o n s h i p  between methionine  and  c y s t i n e  c o n t e n t s :  
T h i r t y  c u l  t i v a r s  of ch ickpea  (Appendix-3) and 24 
c u l t i v a r s  of pigeonpea (Appendix-4) grown dur ing  1978-79 
were analysed  f o r  p r o t e i n  c o n t e n t  and su lphur  amino a c i d s .  
Methionine and c y s t l n e  were determined by P A 0  method u s i n g  
t h e . a m i n o  a c i d  a n a l y s e r  and p r o t e i n  was determined by T A A  
procedure .  As shown i n  Table 2 9 ,  whi le  n o n s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n  between c y s t i n e  (g/16g N )  and p r o t e i n  
was observed,  methionine ,  and c y s t i n e  p lus  methionine when 
expressed  a s  g/16g N showed s i g n i f i c a n t  and n e g a t i v e  
c o r r e l a t i o n s  w i t h  p r o t e i n  c o n t e n t  i n  ca se  of chickpea .  
S u r p r i s i n g l y ,  no s i g n i f i c a n t  c o r r e l a t i o n  was ob ta ined  
between p r o t e i n  c o n t e n t  and t h e s e  amino a c i d s  i n  ca se  of 
pigeonpea even though t h e r e  was a  l a r g e  v a r i a t i o n  i n  t h e  
p r o t e i n  c o n t e n t  ( 1 9 . 4 - 2 8 . 0 % )  among t h e  c u l t i v a r s .  This 
o b s e r v a t i o n  i n d i c a t e d  t h a t  chickpea and pigeonpea d i f f e r  
from each o t h e r  a s  f a r  a s  t h e  r e l a t i o n s h i p  between p r o t e i n  
and su lphur  c o n t a i n i n g  amino a c i d s  a r e  concerned,  
Using t h e  same d a t a ,  information was ob ta ined  on t h e  
r e l a t i o n s h i p  between c y s t i n e  a ~ d  methionine ,  Methionine,  
c y s t i n e ,  and methionine p lus  c y s t i n e  t o g e t h e r  when expressed  
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Table  29. C o r r e l a t i o n  c o e f f i c i e n t s  between c y s t i n e  and m e t h ~ o n i n e  
i n  30 ch i ckpea  a n d  24 pigeonpea c u l t i v a r s  grown 
d u r i n g  1978-79. 
---_-----------------------------------------------------------------. 
C o r r e l a t i o n  c o e f f i c i e n t s  
Methionine Cys t i ne+  Cys t ine  Heth ionine  Cy ~ t i n e +  
Methionine Methionine 
........................ ................................ 
(g/100g sample)  (g /16g  N )  
Methionine a - - 0.89311 0.079 -0.148 -0.130 
Methionine b - - - - - - - - 0.89011 
Methionine a - - 0.940** 3.516" 0.838" 0.693" 
a,  g/100g sample; b, g/16g N ;  **  Significant a t  1 %  l e v e l .  
a s  p e r c e n t  of p r o t e i n  o r  a s  p e r c e n t  of sample showed h i g h l y  
s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  and among e r o h  o t h e r  
( T a b l e  2 9 ) .  He th ion ine  and c y s t i n e  when expressed a s  
p e r c e n t  of  s r a p l e  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  each  
o t h e r  f o r  bo th  ch i ckpea  ( r =  0.756") and pigeonpea 
( r =  0 . 8 0 1 @ @ ) ,  When e x p r e s s e d  a s  p e r o e n t  of  p r o t e i n ,  
me th ion ine  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  c y s t i n e  i n  
ch i ckpea  ( r =  0 .686)  a s  w e l l  a s  i n  p igeonpea  ( r=  0 .780) .  
Moreover,  c y s t i n e  and m e t h i o n i n e  were c o r r e l a t e d  w i t h  each  
o t h e r  when e x p r e s s e d  e i t h e r  a s  p e r c e n t  of  p r o t e i n  o r  p e r c e n t  
of  sample.  
I n  o r d e r  t o  con f i rm  t h e s e  r e s u l t s ,  c u l t i v a r s  grown 
d u r i n g  1979-80 were a n a l y s e d . f o r  t h e s e  amino a c i d s  and t h e  
r e s u l t s  were examined f o r  t h e  r e l a t i o n s h i p  between p r o t e i n  
and amino a c i d s  a s  sunmar ised  i n  Tab le  30. The a n a l y s i s  of 
t h e s e  c u l t i v a r s  h a s  a l r e a d y  been d i s c u s s e d  i n  t h i s  r e p o r t .  
These c u l t i v a r s  showed a  l a r g e  v a r i a t i o n  i n  t h e i r  p r o t e i n  
c o n t e n t s  i n  c a s e  of bo th  ch i ckpea  and pigeonpea 
(Appendix-9).  I n  t h e  c a s e  of c h i c k p e a ,  t h e  p r o t e i n  c o n t e n t  
was h i g h l y  and s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  c y s t i n e  
( r=  -0.854**), me th ion ine  ( r =  -0.700fi*) and t r y p t o p h a n  
( r=  -0.671*@) ( T a b l e  30 ) .  The c o r r e l a t i o n  c o e f f i c i e n t s  
between t h e s e  amino a c i d s  and p r o t e i n  were s i g n i f i c a n t  
though lower  i n  magnitude i n  t h e  c a s e  of pigeonpea.  ' Again, 
me th ion ine  and c y s t i n e  were found t o  be h i g h l y  and 
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T a b l e  30. R e l a t i o n s h i p s  between c y s t i n e ,  methionine, 
t r y p t o p h a n ,  and p r o t e i n  i n  chiokpea and pigeonpea 
c u l t i v a r s  grown d u r i n g  1979-80. 
C o r r e l a t i o n  coef f i c i e n t a a  
Methionine Cys+Het Tryptophan P r o t e i n  
( X  1 
Chickpea ( n = 5 7 )  
Cy s t i n e  0.796" 
Meth ionine  - 
Cys + Met - 
Try p tophanb  - 
Pigeonpea ( n = 6 5 )  
Cy s t i n e  0.535** 
Meth ionine  - 
Cys + Met - 
Try ptophanb - 
fi* S i g n i f i c a n t  a t  15 l e v e l ;  a ,  R e s u l t s  a r e  based on g/16g N 
of  amino a c i d s ;  b ,  Chickpea ( n = 4 0 ) ,  Pigeonpea ( n = 5 4 ) .  
s i g n i f i c a n t l y  c o r r e l a t e d  wi th  each o t h e r  f o r  both ch i ckpea  
and p igeonpea  c u l t i v a r s .  The t ryp tophan  r e s u l t s  showed no 
s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  c y s t i n e  o r  me th ion ine  c o n t e n t  
i n  c a s e  of bo th  ch i ckpea  and pigeonpea.  
r age  > a  
Based on t h e s e  o b s e r v a t i o n s  f o l l o w i n g  a o n a l u r i o n r  oan 
be drawn. I n c r e a s e  i n  p r o t e i n  c o n t e n t  w i l l  be aaaorspanied 
by a  d e c r e a s e  i n  t h e  l e v e l s  of s u l p h u r  amino acids and 
t r y p t o p h a n  i n  t h e  c a s e  of c h i c k p e a ,  bu t  t h i s  may n o t  be t h e  
c a s e  w i t h  pigeonpea.  E s t i m a t i o n  of  e i t h e r  of t h e  two 
s u l p h u r  amino a c i d s  would be s u f f i c i e n t  f o r  s a r e e n i n g  l a r g e  
numbers of  samples  depending on t h e  f a c i l i t y  a v a i l a b l e  f o r  
t h i s  purpose .  No r e l a t i o n s h i p  e x i s t s  between t r y p t o p h a n  and 
s u l p h u r  amino a c i d s  f o r  ch i ckpea  and pigeonpea.  
6 ,  V a r i a b i l i t y  f o r  amino a c i d s  i n  ch i ckpea  and p igeonpea :  
6 .1 .  V a r i e t a l  d i f f e r e n c e s  i n  t h e  amino a c i d  compos i t i on  of  
ch i ckpea  s eed  p r o t e i n s :  
C o n s i d e r a b l e  v a r i a t i o n  a p p e a r s  t o  e x i s t  i n  t h e  amino 
a c i d  compos i t i on  of  ch i ckpea  c u l t i v a r s .  The c u l t i v a r s  
s t u d i e d  d i f f e r e d  w i t h  r e s p e c t  t o  t h e  l e v e l s  of  e s s e n t i a l  and 
n o n e s s e n t i a l  amino a c i d s  ( T a b l e  3 1 ) .  Su lphur  amino a c i d s ,  
me th ion ine  and c y s t i n e  when c o n s i d e r e d  t o g e t h e r  were t h e  
f i r s t  l i m i t i n g  amino a c i d s  of  ch i ckpea  and p igeonpea  and 
ranged  between 1.90 and 2.53 g/16g N among t h e s e  c u l t i v a r s .  
Tryptophan v a l u e s  v a r i e d  from 0.99 t o  1.22 g/16g N and t h i s  
showed t h a t  some of t h e s e  c u l t i v a r s  were n o t  d e f i c i e n t  i n  
t h i s  amino a c i d .  Although t h e  legumes a r e  a r i c h  s o u r c e  
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of  l y s i n e ,  i t  r e m a i n s  a n  i m p o r t a n t  amino aa id  i n  
c e r e a l / l e g u m e  d i e t s .  L y s i n e  c o n t e n t  (g/16g N )  o f  t h e s e  
c u l t i v a r s  r a n g e d  f r o m  5 . 6 4  t o  7 .54  ( T a b l e  3 1 )  a n d  t h i s  
i n d i c a t e s  t h a t  t h e r e  a r e  c u l t i v a r s  w i t h  l o w e r  l e v e l s  of t h i s  
amino  a c i d .  B e s i d e s  t h e s e  amino a c i d s ,  t h e r e o n i n e  i s  
a n o t h e r  amino a c i d  of  c o n s i d e r a b l e  i n t e r e s t  a s  f a r  a s  
c h i c k p e a  i s  c o n c e r n e d .  Some w o r k e r s  h a v e  a l s o  r e p o r t e d  t h i s  
amino  a c i d  a s  t h e  s e c o n d  l i m i t i n g  amino  a c i d  o f  some 
c u l t i v a r s  o f  c h i c k p e a .  From t h i s  s t u d y ,  i t  i s  a l s o  n o t e d  
t h a t  t h e  s e e d  p r o t e i n s  o f  a l l  t h e  c u l t i v a r s  a r e  d e f i c i e n t  i n  
t h r e o n i n e ,  t h e  v a l u e  f o r  which  r a n g e d  be tween  3.21 and  3.96 
g /16g  N .  Some d i f f e r e n c e s  i n  t h e  l e v e l s  o f  o t h e r  amino 
a c i d s  w e r e  a l s o  o b s e r v e d  ( T a b l e  3 1 ) .  
Some w i l d  s p e c i e s  o f  g e n u s  J icer  were a l s o  s t u d i e d  f o r  
t h e i r  amino a c i d  c o m p o s i t i o n  ( T a b l e  32). T h i s  a t t e m p t  was 
made t o  know w h e t h e r  t h e  amino a c i d  p r o f i l e s  o f  d i f f e r e n t  
w i l d  s p e c i e s  d i f f e r  f rom t h a t  o f  t h e  c u l t i v a t e d  s p e c i e s .  
L y s i n e  v a l u e s  ( g / 1 6 g  N )  r a n g e d  be tween  6 .22  a n d  7 .37 among 
t h e  w i l d  s p e c i e s  w h e r e a s  t h e  c u l t i v a t e d  o n e  h a d  6 .95  when 
compared u n d e r  s imi l a r  c o n d i t i o n s .  S u l p h u r  amino a c i d s ,  
m e t h i o n i n e  a n d  c y s t i n e ,  when c o n s i d e r e d  t o g e t h e r  v a r i e d  f rom 
2.12 t o  3.42 g /16g  N f o r  w i l d  s p e c i e s  w h e r e a s  t h e  c u l t i v a t e d  
s p e c i e s  had  2 .38  g /16g  N .  
T a b l e  3 2 .  Amino a c i d  c o m p o s i t i o n  (g/16g N) o f  u l l d  s p e c i e s  o f  c h i c k p e a  
....................................................................................................................... 
Amino a c i d  
- 
m l u -  m r a s -  c;.cune- L i u d a -  C.mont- L r e t l c u -  L v a m a -  W 
sanicvm Ptum k u m  - mul - - shitaearleti 
LLulm llYm ( C V .  
G-130) 
L y s i n e  
H i s t i d i n e  
A r g i n i n e  
A s p a r t i c  a c i d  
T h r e o n i n e  
S e r i n e  
G l u t a m i c  a c i d  
P r o l i n e  
C l y c i n e  
A l a n i n e  
C y s t l n e  
V a l i n e  
H e t h i o n i n e  
I s o l e u c i n e  
L e u c i n e  
T y r o s i n e  
P h e n y l a l a n i n e  
T o t a l  
N .  R e c o v e r y  ( I )  
P r o t e i n  ( I ) "  
Chemica l  s c o r e  
Met + Cys (sP 64 8 1 86 9 1 9 8 6 1 6 9  6 1 6 1 L 5 
....................................................................................................... ---------- 
a ,  M o i s t u r e  f r e e  (N x 6.25); b, FAO/WHO, 1973 
% m 
m 0 
& had t h e  h i g h e s t  v a l u e  f o r  s u l p h u r  amino a a i d s  
f o l l o w e d  by cune- and  !& & o r a m .  The o h e m i c a l  
s c o r e s  of 9 8 ,  91 and 86 u e r e  o b t a i n e d  f o r  L &&&am, 
~ u n e -  and L chr-, r e s p e c t i v e l y .  T h e s e  
c h e m i c a l  s c o r e  v a l u e s  w e r e  r e m a r k a b l y  h i g h e r  t h a n  t h a t  o f  
t h e  c u l t i v a t e d  s p e c i e s ,  i n d i c a t i n g  t h a t  w i l d  s p e c i e s  may be 
good s o u r c e s  o f  h i g h  s u l p h u r  amino a c i d s .  However, t h e s e  
r e s u l t s  h a v e  t o  be c o n f i r m e d  by g rowing  t h e s e  w i l d  s p e c i e s  
i n  o n e  o r  two more  s e a s o n s .  I f  t h e y  a r e  s o u r c e s  o f  h i g h e r  
s u l p h u r  amino a c i d s ,  a t t e m p t s  c o u l d  be made t o  u s e  s u c h  
s p e c i e s  i n  a  b r e e d i n g  programme f o r  i m p r o v i n g  p r o t e i n  
q u a l i t y .  No l a r g e  v a r i a t i o n  w i t h  r e s p e c t  t o  t h e  l e v e l s  of  
o t h e r  amino a c i d s  was o b s e r v e d  i n  t h e  w i l d  and c u l t i v a t e d  
s p e c i e s .  
6 .2 .  V a r i e t a l  d i f f e r e n c e s  i n  amino a c i d  c o m p o s i t i o n  o f  
p i g e o n p e a  s e e d  p r o t e i n s :  
By f o l l o w i n g  t h e  r e f l u x i n g  p r o c e d u r e  o f  h y d r o l y s i s ,  10  
c u l t i v a r s  of p i g e o n p e a  grown d u r i n g  k h a r i f  1975-76 w e r e  
a n a l y s e d  t o  know t h e  v a r i a t i o n  i n  t h e  amino a c i d  p r o f i l e s  o f  
t h e s e  c u l t i v a r s  ( T a b l e  3 3 ) .  P r o t e i n  h y d r o l y s a t e  o f  t h e s e  
c u l t i v a r s  w e r e  a n a l y s e d  u s i n g  t h e  amino a c i d  a n a l y s e r .  
T r y p t o p h a n  was d e t e r m i n e d  by t h e  method o f  a l k a l i n e  
h y d r o l y s i s  f o l l o w e d  by a n a l y s i s  i n  a n  amino a c i d  a h a l y s e r .  
Amino a c i d  c o p o s i t i o n  o f  t h e s e  c u l t i v a r s  i s  p r e s e n t e d  i n  
T a b l e  3 3 .  L y s i n e  c o n t e n t  ( g / 1 6 g  N )  r a n g e d  be tween  6 . 7 5  and  
7.63 w i t h  a  mean v a l u e  of  7 .30  f o r  t h e s e  c u l t i v a r s .  
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Methionine and c y s t i n e  v a r i e d  from 1.56 t o  2.33 w i t h  a mean 
v a l u e  of 1.98 g/16g N .  Tryptophan c o n t e n t  v a r i e d  between 
0.72 and 0.96 g/16g N f o r  t h e s e  c u l t i v a r s .  T h i s  d a t a  show a  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  l e v e l s  o f  t h e s e  e s s e n t i a l  
amino a c i d s  among t h e s e  c u l t i v a r s .  
I n  o r d e r  t o  f i n d  o u t  i f  a wider  v a r i a b i l i t y  e x i s t s  f o r  
t h e s e  amino a c i d s ,  s e v e r a l  w i l d  r e l a t i v e s  of pigeonpea were 
a n a l y s e d  f o r  t h e i r  amino a c i d  composi t ion  and t h e  r e s u l t s  
a r e  p r e s e n t e d  i n  Table  34.  Some d i f f e r e n c e s  were observed  
i n  t h e  l e v e l s  of e s s e n t i a l  and n o n e s s e n t i a l  amino a c i d s  of 
t o t a l  seed p r o t e i n s  of t h e  w i l d  r e l a t i v e s .  Lys ine  and 
p h e n y l a l a n i n e  l e v e l s  were h i g h e r  i n  f i v l o s h  vol- . . t h a n  
i n  o t h e r  w i l d  r e l a t i v e s  and  m, whereas t h e  
r e v e r s e  t r e n d  was t r u e  f o r  a s p a r t i c  a c i d ,  t h r e o n i n e ,  c y s t i n e  
B t v l o s i a  sericea and &. ~ c a r a b a e o i d e s  and t y r o s i n e .  
c o n t a i n e d  t h e  h i g h e s t  amounts me th ion ine  and c y s t i n e  which 
showed an a p p r e c i a b l e  v a r i a t i o n  among t h e  s p e c i e s ,  w l o s i a  
r a b a e o l d a  had t h e  l o w e s t  l y s i n e  c o n t e n t s  of a l l  s p e c i e s ,  
Amino a c i d  a n a l y s i s  of more a v a i l a b l e  w i l d  r e l a t i v e s  would 
be of i n t e r e s t  t o  b r e e d e r s  and o t h e r  concerned s c i e n t i s t s  i n  
programmes t h a t  a r e  i nvo lved  i n  upgrading  t h e  n u t r i t i o n a l  
q u a l i t y  of t h e  g r a i n .  
Methionine and c y s t i n e  were e s t i m a t e d  i n  85 a c c e s s i o n s  
r e p r e s e n t i n g  s e v e r a l  w i l d  s p e c i e s  of pigeonpea o b t a i n e d  from 
r a b l e  34. Amino a c i d  c o m p o s i t i o n  o f  w i l d  r e l a t i v e s  and c u l t i v a t e d  s p e c i e s  o f  p i g e o n p e a  
.............................................................................................................. 
h i n o  a c i d  A.Platv- A.aeri- L v o l u -  ElsmLk Rhvncha- Wean !&&nu 
suu a h  Gama baeoi- tea PilLs g ia f&Kika iare tr  m&m 
eeS hamianam (cv.T-21 ) 
d i s t i d i n e  3.27 4.19 3.19 3.44 4.03 3.18 3.61 3.62 3.57 4.21 
A r g i n i n e  5.98 6.54 8.32 8.07 7.55 6.55 6.21 7.72 7.12 7.89 
A s p a r t i c  a c i d  10.64 10.72 10.75 10.78 10.24 8.82 10.09 10.96 10.38 10.74 
T h r e o n i n e  3.46 3.84 4.83 4.29 4 - 3 2  3.42 3.66 4.19 4.00 4.24 
S e r i n e  4.83 4.78 5.09 5.73 4.90 4.82 5.06 5.31 5.07 6.30 
C l u t a m i c  a c i d  25.08 23.75 24.06 23.84 24.19 23.42 22.75 18.93 23.25 24.71 
P r o l i n e  4.25 4.20 5.53 4.76 5.11 3.98 4.26 5.10 4.65 3.90 
C l y c i n e  3 . 5 3  4.65 4.70 4.79 4.58 3.79 5.84 4.48 4.55 4.57 
A l a n i n e  3.24 4.96 5.38 3.27 5.17 4.63 3.72 4.21 4.82 5.02 
C y s t i n e  0.97 0.90 1.17 1.31 1.15 0.88 1.16 1.58 1.14 1.03 
V a l a n i n e  4.71 4.80 6.32 5.18 4.96 4.47 4.84 5.71 5.12 5.70 
H e t h i o n i n e  1.16 1.17 1.08 1.17 1.34 0.96 1.08 0.75 1.09 1 - 0 0  
I s o l e u c i n e  3.66 4.06 4.02 4.40 4.22 4.01 4.23 4.39 4.12 4.06 
L e u c i n e  8.31 8.95 8.73 9.60 7.88 8.56 8.76 8.39 8.65 8.70 
T y r o s i n e  2.75 3.03 3.24 3.27 3.16 2.65 2.75 3.28 3.02 3.18 
m 
T o t a l  102.96 107.90 113.85 111.61 110.85 1C5.11 108.60 103.50 108.05 111.39 n 
OI 
N i t r o g e n  'S 
r e c o v e r y  (1) 87.23 89.51 96.13 94.38 92.46 85.46 90.10 88.00 90.53 91.53 
----------------------------------------------------------------------------------------------------------... ~ 
t h e  G e n e t i c  Resources Uni t .  These amino a o i d s  were 
de te rmined  by amino a c i d  a n a l y s e r  a f t e r  pe r fo rmic  a c i d  
o x i d a t i o n .  Large v a r i a t i o n  was observed  among and w i t h i n  
t h e  s p e c i e s  a s  summarised i n  Table 35 and d e t a i l e d  i n  
Appendix-10. When c o n s i d e r e d  t o g e t h e r ,  me th ion ine  and 
c y s t i n e  v a r i e d  from 2.55 t o  3.43 w i t h  mean be ing  2.93 
g/16g N f o r  28 a c c e s s i o n s  of & g c a r a b m  and from 2.34 
t o  2.79 w i t h  mean be ing  2.55 g/16g N f o r  10 a c c e s s i o n s  of 
& m. & g c a r a b a e o i d e g  appeared  t o  c o n t a i n  t h e  
h i g h e s t  amount of su lphur  amino a c i d s  (Tab le  3 5 ) .  
6 .2 .1 .  Amino a c i d  p r o f i l e s  of w, &&,Q& s p e c i e s  and 
t h e i r  h y b r i d s :  
At tempts  have been made t o  deve lop  h igh  p r o t e i n  l i n e s  
by c r o s s i n g  t h e  c u l t i v a t e d  s p e c i e s  w i t h  w i l d  s p e c i e s ,  
p r e v i o u s l y  r e p o r t e d  a s  a  h igh  p r o t e i n  s o u r c e ,  and t h i s  had 
l e d  t o  some improvement i n  t h e  p r o t e i n  c o n t e n t  of t h e i r  
d e r i v a t i v e s .  Eleven samples  r e p r e s e n t i n g  Ca.ianus and 
A t v l o u  s p e c i e s  and t h e i r  d e r i v a t i v e s  grown d u r i n g  k h a r i f  
1977-78 were a n a l y s e d  f o r  t h e i r  amino a c i d  composi t ion  
(Tab le  3 6 ) ,  i n  a  Beckman Model 120C amino a c i d  a n a l y s e r .  
The p r o t e i n  c o n t e n t  of t h e s e  samples  was de termined  by t h e  
microKje ldah1 method. Amino a c i d  p r o f i l e s  were s i m i l a r  f o r  

t h e  s p e c i e s ,  C a i w  c u l t i v a r s  and t h e i r  h y b r i d s  
(Tab le  3 6 ) .  The l o w e s t  l y s i n e  v a l u e  (6 .22  g/16g N )  was 
observed  i n  B a i g a n i ,  a  Cajanus c u l t i v a r .  The Atvlosia 
s p e c i e s  would be cons ide red  s a t i s f a c t o r y  f o r  l y s i n e  when 
compared w i t h  t h e  c u l t i v a r s  a s  both & W c e a  and 
& g l b i c u  had r e l a t i v e l y  h i g h e r  l e v e l s  of l y s i n e .  
Methionine and c y s t i n e  when cons ide red  t o g e t h e r  were low i n  
cv. Pant A - 2  and & a l b i c m  w h i l e  cv. Baigani  had s l i g h t l y  
h i g h e r  amount of t h e s e  amino a c i d s .  Th i s  d i d  no t  appea r  t o  
be d i f f e r e n t  from & ~ r i c e a  o r  & g ~ a r a b a e o i d e g .  The 
r e s u l t s  a l s o  i n d i c a t e d  t h a t  t h e r e  i s  no s t r o n g  r e l a t i o n s h i p  
among p a r e n t s  and h y b r i d s  f o r  meth ionine  p l u s  c y s t i n e  
c o n t e n t ,  There a p p e a r s  t o  be some v a r i a t i o n  f o r  rnethionine 
p l u s  c y s t i n e  f o r  t h e  two c u l t i v a r s  and t h r e e k U y h i u  
s p e c i e s .  
6 . 3 .  Amino a c i d  s c o r e  (chemica l  s c o r e )  of ch ickpea  and 
pigeonpea s e e d :  
Amino a c i d  s c o r e  i s  cons ide red  a s  one of t h e  i n d i c a t o r s  
of t h e  n u t r i t i o n a l  q u a l i t y  of p r o t e i n  of a  g iven  crop .  The 
amino a c i d  s c o r e  v a l u e s  a r e  exp res sed  i n d i v i d u a l l y  i n  
p r o p o r t i o n  t o  t h e  c o n t e n t  of a  co r r e spond ing  amino a c i d  i n  a  
s u i t a b l e  r e f e r e n c e  p r o t e i n  and FAO/WHO sugges t ed  amino a c i d  
p a t t e r n  a r e  taken  a s  s t a n d a r d  r e f e r e n c e  f i g u r e s .  The r a t i o  
,le 36 .  Amino a c i d  c o m p o s i t i o n  ( g / 1 6 g  N) o f  dhal  o f  Ca ianusL  A t v l o s i a  s p e c i e s  and t h e i r  hybr lds  
.------------------------------------------------------------------------------------------------------------..------------- 
e r i a l  P r o t e i n  Lys His Arg Asp Thr Ser  G l u  Pro Gly A l a  Cys Val Met Be Leu Tyr PtAe 
sa 
gan i  27-17 6.22 3.41 6.35 10.93 4.31 5.84 23.75 4.68 4.44 5.35 0.98 5.12 1.00 4.42 9.47 3.23 10.10 
icaraba- 
,ides 28.74 6.32 3.00 7.22 10.824.33 5.37 20.87 4.56 3.89 5.01 0.83 5.12 1.14 4.36 9.50 2-93 8.59 
. scaraba-  
aides 26-53 6.92 3.48 6.96 9.71 4.16 5.53 23.78 4.24 4.C6 4.89 0.95 4.95 0.99 4.06 8.84 2.75 9.8i 
nt A-2 x 
a l b i c a n s  29.50 7.14 3.78 6.61 9.47 3.99 5.31 23.97 3.9q 3.98 5.65 1.03 4.62 l.@4 3.95 8.49 2.78 1~?.8~ 
j lgani  x 
scaraba-   
29.03 7.06 3.45 7.03 9.53 4.98 5.54 24.08 4.27 4.11 Q.87 0.87 4.81 0.94 4.15 8.90 2.35 9 . 5 6  
l i g a n i  
a l b i c a n s  31.25 7.26 4.07 7.17 9.83 0.01 5.41 24.57 4.15 4.14 4.98 1.06 4.63 1.10 4.08 8 .75  2 .84  i 2 . C ;  
- - - -  
, Moisture  f r e e  b a s i s  ( N  x 6.25). 
f o r  e a c h  amino a c i d  i s  c a l c u l a t e d  by u s i n g  t h e  f o r m u l a  g i v e n  
below and t h e  amino a c i d  t h a t  shows t h e  l o w e s t  s c o r e  i s  
c o n s i d e r e d  a s  t h e  f i r s t  l i m i t i n g  amino a c i d  i n  a g i v e n  c r o p .  
Amino a c i d  s c o r e  : 
mg of  amino a c i d  p e r  g  of  t e s t  p r o t e i n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x 100 
mg of  amino a c i d  p e r  g of  r e f e r e n c e  p r o t e i n  
T a b l e  37.  Amino a c i d  s c o r e  ( c h e m i c a l  s c o r e )  o f  p i g e o n p e a  
s e e d  p r o t e i n  
Amino a c i d s  S u g g e s t e d  Amino a c i d  
l e v e l  (mg/g p r o t e i n ) b  Chemical  s c o r e  
(mi31 g  --------------- --------em---- 
p r o t e i n l a  Chick-  P igeon-  Chick-  P igeon-  
Pea Pe a Pe a Pea 
............................................................ 
L y s i n e  5 5 6 6 7 3  120 132 
T h r e o n i n e  4 0 3 6  3  8 9 0 9 5 
M e t h i o n i n e  + 
Cy s t i n e  3 5 2 3 2 0 6 6  5 7 
T r y p t o p h a n  10 1 1  8  2 110 8  2 
I s o l e u c i n e  4 0 4 1 3 9 103 9 8  
L e u c i n e  7  0 78 82 11 1 117 
P h e n y l a l a n i n e +  
T y r o s i n e  6 0  8 3 130 138 216 
Val i ne 5 0  4 2 4 6 8  4 9 2 
- - - - - - - - - -C---L--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
a ,  FAO/WHO ( 1 9 7 3 ) ;  b ,  Average v a l u e  of 10 c u l t i v a r s .  
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The e s s e n t i a l  amino a c i d s  of t h e  c h i c k p e a  and p ; r , , i l p e a  
c u l t i v a r s  ( a v e r a g e  v a l u e s  o f  1 0  c u l t i v a r s  f o r  e a c h  c r o c '  
w e r e  e x p r e s s e d  a s  amino a c i d  s c o r e  ( c h e m i c a l  s c o r e )  on t h e  
b a s i s  of  FAO/WHO ( 1 9 7 3 )  s u g g e s t e d  l e v e l  t o  know t h e  r e l a t i v e  
s u f f i c i e n c y  of t h e s e  amino a c i d s .  I n  c a s e  of p igeonpea  
s u l p h u r  amino a c i d s  had t h e  l o w e s t  v a l u e  f o l l o w e d  by 
t r y p t o p h a n  a s  shown i n  T a b l e  37.  T h i s  shows t h a t  s u l p h u r  
amino  a c i d s  a r e  t h e  f i r s t  l i m i t i n g  amino a c i d s  w h e r e a s  
t r y p t o p h a n  i s  t h e  second  l i m i t i n g  amino a c i d  i n  p i g e o n p e a .  
O t h e r  amino a c i d s  t h a t  had v a l u e s  below 100  were  v a l i n e ,  
t h r e o n i n e ,  and i s o l e u c i n e  i n  d e c r e a s i n g  o r d e r  of  i m p o r t a n c e .  
For  c h i c k p e a ,  s u l p h u r  amino a c i d s  a p p e a r  t o  be o f  g r e a t e r  
s i g n i f i c a n c e  f rom n u t r i t i o n  p o i n t  of  v iew.  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t r y p t o p h a n  was n o t  o b s e r v e d  t o  be a  
l i m i t i n g  amino a c i d  of  c h i c k p e a .  O t h e r  amino a c i d s  which 
had a c h e m i c a l  s c o r e  of below 1 0 0  were  v a l i n e  and t h r e o n i n e  
i n  o r d e r  o f  i m p o r t a n c e  i n  t h e  c a s e  of b o t h  c h i c k p e a  and 
p i g e o n p e a .  V a l i n e  may n o t  be of g r e a t  n u t r i t i o n a l  
i m p o r t a n c e  i n  a  c e r e a l / l e g u m e  d i e t  a s  c e r e a l s  a r e  r e p o r t e d  
a s  a  good s o u r c e  of t h i s  amino a c i d ,  B u t  t h r e o n i n e  s h o u l d  
r e c e i v e  some c o n s i d e r a t i o n  a s  some of  t h e  c e r e a l s  a r e  a l s o  
d e f i c i e n t  i n  t h i s  amino a c i d .  Moreover,  some g r a i n  l e g u m e s  
h a v e  a l s o  been r e p o r t e d  t o  be d e f i c i e n t  i n  t h i s  amino a c i d  
b e s i d e s  s u l p h u r  c o n t a i n i n g  amino a c i d s .  
7 .  Seed p r o t e i n  f r a c t i o n s  and amino a c i d  composit ion of 
chickpea  and pigeonpea:  
The p r o t e i n s  p r e s e n t  i n  legume seeds  can be broadly 
c l a s s i f i e d  i n t o  me tabo l i c  p r o t e i n s ,  which a r e  involved i n  
normal c e l l u l a r  a c t i v i t i e s ,  and s t o r a g e  p r o t e i n s ,  which a r e  
s y n t h e s i s e d  dur ing  seed development. The s t o r a g e  p r o t e i n ,  
g l o b u l i n ,  c o n s t i t u t e s  a  major p ropor t ion  of t h e  legume seed 
p r o t e i n s  and t h e  l i m i t a t i o n s  of t h e s e  p r o t e i n s  i n  t h e  
n u t r i t i o n  of humans and o t h e r  monogastr ic  animals  a r e  w e l l  
known ( M i l l e r d ,  19751, The amino a c i d  composi t ion  of food 
c r o p s  can be a l t e r e d  e i t h e r  by varying  t h e  r e l a t i v e  
p r o p o r t i o n s  of embryo and endosperm or  by changing t h e  
r e l a t i v e  p r o p o r t i o n s  of me tabo1 . i~  and s t o r a g e  p r o t e i n s  a s  i n  
t h e  case  of opaque-2 maize (Mertz e t  a l .  1 9 6 4 ) .  We s t u d i e d  
t h e  d i s t r i b u t i o n  of seed p r o t e i n  f r a c t i o n s  i n  d i f f e r e n t  
anatomical  p a r t s  of chickpea and pigeonpea and then  t h e  
amino a c i d  composit ion of t h e s e  f r a c t i o n s  i n  o r d e r  t o  know 
i f  any p r o t e i n  f r a c t i o n  i s  a  r i c h e r  source  of e s s e n t i a l  
l i m i t i n g  amino a c i d s  of t h e s e  pulse  c rops .  For t h i s  s t u d y ,  
seed  m a t e r i a l  used was a s  fo l lows .  Pigeonpea ( c v .  Hy-3c) 
and chickpea ( cv .  G-130) were grown i n  r a i n y  and pos t - r a iny  
seasons  of 1978-79, r e s p e c t i v e l y ,  and were s u p p l i e d  by our 
breeding program. Seed coa t  was s e p a r a t e d  from t h e  whole 
g r a i n  manually a f t e r  soaking t h e  seed m a t e r i a l  a t  4''-5'C f o r  
4 h .  Embryo was s e p a r a t e d  from t h e  co ty ledons  by hand 
d i s s e c t i o n  u s i n g  a  n e e d l e .  The d i f f e r e n t  componerLts w e r e  
d r i e d  i n  a n  o v e n  a t  6 5 O C  and s a m p l e s  w e r e  g r o u n d  t o  a iinc 
powder  i n  a  Udy c y c l o n e  m i l l  u s i n g  a  0 . 4  mm s c r e e n .  The 
s a m p l e s  w e r e  d e f a t t e d  i n  a  S o x h l e t  a p p a r a t u s  u s i n g  h e x a n e .  
7 . 1 .  D i s t r i b u t i o n  o f  s e e d  p r o t e i n  f r a c t i o n s  i n  d i f f e r e n t  
a n a t o m i c a l  p a r t s  o f  c h i c k p e a  a n d  p i g e o n p e a :  
The  s e p a r a t i o n  o f  d i f f e r e n t  p r o t e i n  f r a c t i o n s  was  
c a r r i e d  o u t  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  e a r l i e r  ( S i n g h  e t  
a l .  1 9 8 1 ) .  T h e  p r o t e i n  e x t r a c t s  c o n t a i n i n g  a l b u m i n  and  
g l o b u l i n  i n  0 . 5  M sod ium c h l o r i d e  s o l u t i o n  i n  0 . 0 1  M 
p h o s p h a t e  b u f f e r  (pH 7 . 0 )  w e r e  d i a l y s e d  a g a i n s t  s i x  c h a n g e s  
o f  d i s t i l l e d  w a t e r  a t  room t e m p e r a t u r e  ( 2 5 ° C )  f o r  7 2  h and  
t h e  vo lume  w a s  made t o  50  m l .  The d i a l y s a t e  was  t h e n  
c e n t r i f u g e d  ( 1 2 , 0 0 0  g f o r  1 5  m i n )  a n d  t h e  p e l l e t  and  
s u p e r n a t a n t  o f  t h e  d i a l y s a t e  was r e f e r r e d  t o  a s  t h e  g l o b u l i n  
a n d  a l b u m i n ,  r e s p e c t i v e l y .  However,  n o n p r o t e i n  n i t r o g e n  was  
l o s t  d u r i n g  t h e  p r o c e s s ,  T h e s e  f r a c t i o n s  w e r e  a n a l y s e d  f o r  
n i t r o g e n  a n d  t h e n  f r e e z e  d r i e d .  N o n p r o t e i n  n i t r o g e n  ( N P N )  
w a s  e s t i m a t e d  by e x t r a c t i o n  o f  t h e  s a m p l e s  w i t h  1 0 %  
t r i c h l o r o a c e t i c  a c i d  ( T C A )  a s  d e s c r i b e d  e a r l i e r  ( S i n g h  a n d  
J a m b u n a t h a n ,  1981 ) . 
The r e s u l t s  on d i s t r i b u t i o n  of p r o t e i n  f r a c t i o n s  l r ,  
d i f f e r e n t  seed components of chickpea and pigeonpea a r e  
summarised i n  Table  38 ,  Both chickpea  and pigeonpea a r e  
made of t h r e e  anatomical  s t r u c t u r e s :  t h e  seed c o a t ,  t h e  
co ty ledons  and t h e  embryonic t i s s u e ,  Embryos c o n s t i t u t e  
only a  smal l  p r o p o r t i o n  of t h e  t o t a l  seed weight  whereas t h e  
co ty ledons  c o n s t i t u t e  82.9% and 85.3% of t o t a l  dry weight i n  
ch ickpea  and pigeonpea,  r e s p e c t i v e l y  (Tab le  3 8 ) .  These 
v a l u e s  a g r e e  w i t h  e a r l i e r  r e p o r t e d  v a l u e s .  Embryo and 
seed-coat  c o n t e n t s  were s l i g h t l y  h ighe r  i n  chickpea than  i n  
pigeonpea.  P r o t e i n  f r a c t i o n a t i o n  of seed c o a t s ,  embryos, 
c o t y l e d o n s ,  and whole seeds  of chickpea and pigeonpea d i d  
not  r e v e a l  l a r g e  d i f f e r e n c e s  between t h e s e  two legumes 
(Tab le  3 8 ) ,  b u t  c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  
p a t t e r n  of p r o t e i n  f r a c t i o n s  among t h e  embryo, co ty ledons  
and seed c o a t s  of t h e s e  two legumes were observed,  When 
compared w i t h  o t h e r  components, t h e  embryo was found t o  be 
r i c h e r  i n  albumin both i n  chickpea and i n  pigeonpea. 
Whole-seed chickpea had a s l i g h t l y  lower c o n c e n t r a t i o n  of  
g l o b u l i n  than  pigeonpea. Nonprotein n i t r o g e n  and g l u t e l i n  
f r a c t i o n s  were h ighe r  i n  t h e  seed c o a t  a s  compared t o  o t h e r  
components and they had a  much smal l e r  p ropor t ion  of albumin 
and g l o b u l i n  f r a c t i o n s .  

7 . 2 .  Amino a c i d  compos i t i on  of d i f f e r e n t  p r o t e i n  f r a c t i o n s :  
Having obse rved  t h a t  t h e  c o t y l e d o n s  accoun ted  f o r  abou t  
805-855 of t h e  t o t a l  d ry-seed  we igh t ,  v a r i o u s  p r o t e i n  
f r a c t i o n s  of t h i s  component were ana lysed  f o r  amino a c i d  
compos i t i on  and t h e  r e s u l t s  a r e  shown i n  Tab le  39. When t h e  
amino a c i d  p r o f i l e  of d i f f e r e n t  f r a c t i o n s  was compared, 
a lbumin was n o t i c e d  t o  have t h e  l a r g e s t  amount of s u l p h u r  
amino a c i d s ,  me th ion ine  and c y s t i n e ,  l y s i n e ,  a s p a r t i c  a c i d ,  
g l y c i n e  and a l a n i n e  i n  t h e  c a s e  of bo th  ch ickpea  and 
p igeonpea .  By c a l c u l a t i o n  i t  was observed  t h a t  t h i s  
f r a c t i o n  c o n t r i b u t e d  about  36% and 35% of t h e  t o t a l  s u l p h u r  
amino a c i d s  of t h e  c o t y l e d o n s  of ch ickpea  and pigeonpea,  
r e s p e c t i v e l y .  
G l o b u l i n ,  t h e  major p r o t e i n  f r a c t i o n ,  had lower 
me th ion ine  and c y s t i n e  c o n t e n t s  t han  t h e  g l u t e l i n  f r a c t i o n .  
S i n c e  me th ion ine  i s  one of t h e  l i m i t i n g  e s s e n t i a l  amino 
a c i d s  of t h e s e  legumes,  a  l a r g e r  p r o p o r t i o n  of p r o t e i n  
f r a c t i o n s  c o n t a i n i n g  t h i s  amino a c i d  would be  advantageous  
from t h e  n u t r i t i o n a l  v i ewpo in t .  The r e s u l t s  o b t a i n e d  
s u g g e s t  t h a t  t h e  s e l e c t i o n  of c u l t i v a r s  i n  which t h e  albumin 
o r  g l u t e l i n  f r a c t i o n  i s  p r e s e n t  i n  h i g h e r  p r o p o r t i o n s  would 
r e s u l t  i n  improved me th ion ine  c o n t e n t  i n  t h e  whole seed .  
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Chickpea  and p i g e o n p e a  d i f f e r e d  f rom e a c h  o t h e r  ~ i t h  
r e s p e c t  t o  t h e  amino a c i d  p r o f i l e  o f  p r o l a m i n  f r a c t i o n .  1.8 
t h e  c a s e  o f  p i g e o n p e a ,  t h i s  f r a c t i o n  had t h e  h i g h e s t  amount 
o f  g l u t a m i c  a c i d ,  f o l l o w e d  by p h e n y l a l a n i n e ;  w h e r e a s  
a s p a r t i c  a c i d  and g l u t a m i c  a c i d  w e r e  t h e  p r e d o m i n a n t  amino 
a c i d s  of t h i s  f r a c t i o n  i n  c h i c k p e a .  N i t r o g e n  r e c o v e r y  
v a l u e s  w e r e  t h e  l o w e s t  f o r  t h e s e  two p r o l a m i n  f r a c t i o n s .  
When e x p r e s s e d  o n  a n  e q u a l  n i t r o g e n  r e c o v e r y  b a s i s ,  t h e y  had 
t h e  p o o r e s t  l y s i n e  of  a l l  o t h e r  f r a c t i o n s .  
7 . 3 .  Amino a c i d  c o m p o s i t i o n  of  d i f f e r e n t  s e e d  componen t s :  
Amino a c i d  p r o f i l e s  o f  w h o l e - s e e d ,  embryo,  c o t y l e d o n  
and  s e e d - c o a t  s a m p l e s  of  c h i c k p e a  and p i g e o n p e a  a r e  shown i n  
T a b l e  4 0 .  Amino a c i d  c o m p o s i t i o n  o f  c o t y l e d o n s  r e v e a l e d  
some n o t i c e a b l e  d i f f e r e n c e s  between c h i c k p e a  and  p i g e o n p e a .  
L e v e l s  of l y s i n e ,  g l u t a m i c  a c i d ,  and p h e n y l a l a n i n e  were  
h i g h e r  i n  p i g e o n p e a  t h a n  i n  c h i c k p e a .  But t h e  r e v e r s e  was 
t h e  t r e n d  f o r  a s p a r t i c  a c i d  and s u l p h u r - c o n t a i n i n g  amino 
a c i d s .  D i f f e r e n c e s  i n  t h e  amino a c i d  c o m p o s i t i o n  o f  t h e  
c o t y l e d o n s  w i l l  a f f e c t  t h e  o v e r a l l  n u t r i t i o n a l  p o t e n t i a l  o f  
t h e s e  l egumes  s i n c e  c o t y l e d o n s  c o n s t i t u t e  a  m a j o r  p r o p o r t i o n  
o f  t h e  whole  s e e d .  Amino a c i d  c o m p o s i t i o n  of  embryos  was 
o b s e r v e d  t o  be n u t r i t i o n a l l y  b e t t e r  t h a n  t h a t  of  t h e  
c o t y l e d o n s  i n  b o t h  c h i c k p e a  and p i g e o n p e a  a s  t h e s e  c o n t a i n e d  
h i g h e r  amounts  o f  l y s i n e  and s u l p h u r  amino a c i d s .  L e v e l s  o f  
o t h e r  amino a c i d s  of  embryos  w e r e  v e r y  s i m i l a r  t o  t h o s e  o f  
t h e i r  r e s p e c t i v e  c o t y l e d o n s .  Seed c o a t s  o f  c h i c k p e a  and 
Table  40. Amino a c i d  c o m ~ o ~ i t i o n  (g/16g N )  of d i f f e r e n t  seed  components of  
ch ickpea  and pigeonpea 
-----------------------------------------------------------------------------. 
Chickpea Pigeonpea 
........................... ............................ 
Amino a c i d  Whole Embryo Coty- Seed Whole Embryo Coty- Seed 
seed  l e d o n s  c o a t  seed l e d o n s  c o a t  
.............................................................................. 
Ly s i n e  6.2 7.9 6 7 5.0 6.8 7.0 7 . 1  3.9 
H i s t i d i n e  2.7 2.6 2.7 2.4 3.6 3.3  3.9 1 . o  
A r g i n i n e  10.9 10.3 10.8 4.2 6.3 8.4 7 .1  3.2 
A s p a r t i c  a c i d  12.2  10.4 11.8 9.0 10.4 10.1 11.0 5.7 
Threonine  4.0  4.5 3.8 3.7 3.8 4.7 4.3 2.5 
S e r i n e  5 .5  5 .0  5 .3  4.7 5.0 5.3 5 .5  3 .5  
C l u t a m i c  a c i d  16.3 17.6 16.1 10.7 19.0 16.2 20.6 6 . 9  
P r o l i n e  4.0 2 .6  3.9 3.9 4.3 4.7 4.3 3.1 
C l y c i n e  4.1 4.6 3.9 4.3 3.8 4.5 4 .O 4.5 
A l a n i n e  4.0 5 .1  4.2 3.9 4.6 6.0 4.5 3 . 0  
Cy s t i n e  1.3 1.5 1.5 1.3 - 1.1 1.2 1.7 
V a l i n e  5.0 5.1 4.8 5.2 4.4 6.6 5 .6  3 . 2  
Methionine 1.1 1.5 1.1 1.1 1.0 1.4 1.2 0 .7  
I s o l e u c i n e  4 .5  4 .1  4.2 3.5 3.9 4.4 4 . 3  2.9 
Leucine  7 . 6  7.4 7.2 6.3 7 . 2  7 . 1  7 .8  4.0 
T y  r o s i n e  2.8 3.2 2 . 7  2 .4  3.0 3.8 3.2 1.7  
P h e n y l a l a n i n e  5.5  4.3 5.5 4.6 9.7 6 .8  10.7 2.3 
T o t a l  97.7  97.7 96.2 76 .0  98.0 102.0 106.4 52 .1  
N r e c o v e r y  ( $ 1  91.5 88.5 89.1 54.4 92.5 94.5 97.4 46.9 
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p i g e o n p e a  showed amino a c i d  c o m p o s i t i o n s  s l i g h t l y  d i f f e r e n t  
f rom t h o s e  o f  embryos  and  c o t y l e d o n s .  The r e l a t i v e  
p r o p o r t i o n s  of  s e r i n e ,  t h r e o n i n e ,  p r o l i n e  and g l y c i n e  
a p p e a r e d  t o  be c o n s i d e r a b l y  l a r g e r  i n  s e e d  c o a t  t h a n  t h a t  i n  
c o t y l e d o n s  i n  b o t h  c h i c k p e a  and p i g e o n p e a ,  when e x p r e s s e d  on 
a n  e q u a l  n i t r o g e n  r e c o v e r y  b a s i s .  
I n  c o n c l u s i o n  i t  may be m e n t i o n e d  t h a t  t h e  d i s t r i b u t i o n  
o f  v a r i o u s  a n a t o m i c a l  p a r t s  o f  s e e d s  d i d  n o t  r e v e a l  l a r g e  
d i f f e r e n c e s  between c h i c k p e a  and p i g e o n p e a .  Whi le  no 
n o t i c e a b l e  d i f f e r e n c e s  between c h i c k p e a  and p i g e o n p e a  a r e  
a p p a r e n t  w i t h  r e s p e c t  t o  t h e  l e v e l s  o f  v a r i o u s  p r o t e i n  
f r a c t i o n s ,  t h e  h i g h e r  l e v e l s  o f  s u l p h u r - c o n t a i n i n g  amino 
a c i d s  i n  g l u t e l i n  t h a n  i n  g l o b u l i n s  o f  t h e s e  p u l s e  c r o p s  
s u g g e s t  t h a t  c u l t i v a r s  w i t h  a  h i g h e r  r a t i o  of  g l u t e l i n  t o  
g l o b u l i n  s h o u l d  be i d e n t i f i e d  t o  improve  t h e i r  s e e d  p r o t e i n  
q u a 1  i t y  . 
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Append ix-2 
A comparison of methods of sulphur amino acids estimation in chickpea (dhal) 
- - 
Protein Methionine Cyst ine Total Met + Cys Cultivar/line ( X )  ( ~ 1 1 6 g  N) (g/l6g N) (g/16g N) I 
Methionine Cystine Total Met + Cys 
Cultivar/line Protein (Z)  ( ~ 1 1 6 ~  N) (~116g N) (g116u N) a b a b a b 
------------------------ ----------- 
P-2940 
P-4079 
P-4265 
P-4278-2 
P-4341-2 
P-4353-1 
P-44 12-1 
P-4446- 1 
P-4449-1 
P-4500 
P-45 15 
P-4528 
P-4706 
Chala 
G-130 
JG-62 
F WF Gram x 
38A 1-NF 
JG- 109 
1-8-19 
1-209-15 
2-1-3 
NEC-422 
NEC-444 
NEC-495 
NEC-754 
NEC-760 
Bronz Leaf 
Chaffa 8-16 
Mean 
a Amino acid analyser: 
b~olorimetric procedure (nitroprusside reaction for methionine 
and Goa method for cystine). 
A comparison of methods of sulphur amino acids estimation in pigeonpea (dhnl) 
--_--------------------------------__-__--------________________ 
Methionlne Cystine Total Met + Cys 
~ultivarlline "Orein (g/l6g N) ( ~ 1 1 6 ~  N) (g/16g 
N) . 
a b a b a h 
P-3768 
P-606-35 
P-606-35 
P-4600-1 
P-1794-2 
AS-71-37 
Baigani 
ANM-2 5 
DSL-55 
P-2805 
P-4038 
AM-365 
ANM-54-55 
ANM-55-56 
ANM-56 
ANM-60 
ANN-84 
ANM-539 
Ah'M-54 3 
ANM-5 75 
ANM-579 
P-4040 
P-2627 
P-85 
P-738-2 
P-2448 
P-2479 
P-1555 
JA-275 
P-2514 
P-4663 
P-4523 
P-4640 
P-4681 
P-4687 
DSL-125 
T-28 
P-3558 
P-4 126 
P-4219-1 
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Protein Methionine Cystine Total Met + Cys Cultivar/line ( 4 )  (g/16g N) (g/16g N) (nf16g N) - L - L - L 
P-3889 
P-157 
FC-100467 
JA-278-1 
MP-59 
P-305 
NP-WR- 15 
P-32 19 
Code 11 14 
DSL-77 
JA-275 
HY-3C 
A S 4 4  
UP-34  
P-497 
P-507 
P-520 
P-522 
P-1295-5 
ICC-8858 
T-17 
Pusa Ageti 
BDN-1 
HY-3A 
HY-2 
Mean 
a Amino acid analyser; 
b~olorimetric procedure (nitroprusside reaction for methionine and Coa 
method for cystine) . 


Appendix 6 
A comparison of methods of tryptophan estimation in chickpea (dhal) 
~ u l  tivar/line Protein ( X )  Method 1 Method 2 Method 3 
_-___---_-----_------------------------------------------.------ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g / 1 6 g  N . .  .......... 
P- 1294 
P-1387 
P-1426 
P-1437 
P-1469-2 
P-1610 
P-1630 
P-1774 
P-1781 
P-2170 
P-2 173-1 
P-2249 
P-2422-2 
USA-6 1 3 
853-3/27 
pant G-114 
CPS-1 
T-3 
Annegiri 
K-4 
C-104 
BG-203 
P-5462 
Rabat 
L-550 
GL-629 
Giza 
No. 5 0 1  
1.17 1.16 1.14 Mean 24 . 0  -------- ------- 
Method 1: Hug11 & Moore ( 1 9 7 2 ) ;  Method 2:  t o r c o n  ( 1 9 7 5 ) :  
Method 3: Spies & Chambers ( 1 9 4 9 ) .  
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Append i x - 7  
A cornpariaon of methods of tryptophan estimation i n  pigeonpea (dhal) 
--I--------------------------- 
Cul t i v a r / l i n e  Protein ( % )  Method I Method 2 Method 3 
------------------- - 
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-_-------------------------------------------_------------- 
Cul tivar/line Proteln (%) Method I Method 2 Method 3 
___^---I-_------------------------~__I--I_-____---- 
P-4687 
DSL-125 
T-28 
P-3558 
P-4 126 
P-4219/1 
P-3889 
P-157 
EC-100467 
JA-278-1 
MP-69 
P . 3 2 1 9  
Code # 14 
DSL-77 
PS 41  
P-1234 
JA-275 
HY-3C 
A S 4 4  
UD-34 
P-497 
ANM-60 
Mean 
Method I: Hoogli 6 Moose ( 1 9 7 2 ) ;  Method 2: Concon ( 1 9 7 5 ) ;  
Method 3: Spies 6 Chamber ( 1 9 4 9 ) .  
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Appendix - 8 
Analysis of chickpea (dhal) c u l t i v a r s / l i n e s  grown during rabi 1977-78 for  
protein,  rnethionine and t o t a l  sulphur content.  
Protein Methionine Total Sulphur Met-S ae Xd Cult ivar  ( X )  g/lOOg g/16g N g/16g N g/100g 
sample sample Sulphur 
Page 95 
- P r o t e i n  Methionine T o t a l  S u l p h u r  Met-S as  X Cult ivar g/100g g / 1 6 g N  d l 6 g N  g / 1 0 0 g  o f T o t a l  
eamp le sample S u l p h u r  
----------------L1-----11----------5__------I--__-___-_--,------------ 
P-9710 
SL-1330 
SL-971B 
SL-1227A 
SL-1227B 
SL-14760 
JM-517 
310479 
P-9629 
NEC-2300 
P-3225 
P-853-1 
Galbron 
P-1798-1 
P-4252 
N-8 
NEC-179 
NEC-197 
NEC-2332 
G- 130 
JM-4 8 2  -4 
P-1710 
P-1713 
F-1716 
P-720 
P-1723 
P-1728 
C-161 
C-309 
T-39-1 
P-1761 
P-1761-2 
P-1782-1 
P-1789-2 
P-1790 
P-4237 
T-1 -A 
P-3318 
P-1137 
Mean 22.4 0.29 1 . 2 9  0 . 9 3  0 . 2 0  31 .3  
---------------------------------------------------------------- 
Appendix - 9 
Protein and amino a c i d s  o f  chickpea (dhal)  c u l t i v a r s / l i n e s  grown during 1979-80 and 1980-81 
1979-80 1980-81 
P r o t e i n  Cyst ine  Nethionine Tryptophan P r o t e i n  Cystine Methionine Tryptophan C u l t i v a r / l i n e  (%) ...........g /16g  N............. (Z)  
. . . . . . . . . . . . g  /16g N. ........... 
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Page 100 
Sulphur amino acids (g/16g N)  in dhal samples of wild species 
of pigeonpeaa. 
Coll No. Species Protein Cystine Methionine C y s  + Met 
(%) .... s . , . g . . . . . . . . . . . .  
................................................................. 
JM-2337 
JM-2356 
JM-3023 
JM-3360 
JM-3472 
JM-4023 
PR-4816 
NKR- 1 38 
NKR- 1 7 7 
NKR-185 
JM-2739 
PR-4868 
PR-4876 
NKR-193 
EC-124363 
JM-2639 
JM-3366 
NKR-7 6 
NKR-126 
NKR- 150 
Bole's coll 
JM-294 3 
JM-2877 
JH-2987 
JM-3310 
JM-4351 
PR-4550 
PR-4 55 7 
A. A Zbicans 
A . A Z b i c a n s  
A. A l h i c a n s  
A . A Z b i c a n s  
A . A Z h i c a n s  
A . A Z b i c m s  
A . A l h i c a n s  
A .  A l h i c a n s  
A . A Z h i c r m s  
A . A l b i c a n s  
A . C q j a n i f o l k  
A .  C q i a n i f o z i a  
A.  C a . i m i f o  I i a  
A. C ~ i a n i f o  2 in 
A . C r a n d i f o l i a  
A . L i n e a t a  
A.  L i n e a t a  
A . L i n e a t a  
A. L i n e a t a  
A. L i n e a t a  
A.  L i n e a t a  
~ . M o Z z i s  
A. P Z a t y c a r p a  
A .  P Z a t y c o r p a  
A .  P t a t y c o r p a  
A . P Z a t y c o r p a  
~ . P Z a t y c o r p a  
A.  P Z u t g c o r p a  
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Call No. Protein Cystine Methionine CysHet  Species ( X )  . . . . . . . . . 8 . . . . . . . . . .  
PR-4572 
U R  coll 
Kosbad coll 
JM-1965 
JM-1967 
JM-1985 
JM-1988 
M-2289 
JM-2323 
JM-2367 
JM-2865 
JM-29 39 
JM-2958 
JM-4147 
PR-45 16 
PR-47 39 
PR-4771 
PR-48 14 
PR-487 9A 
NKR-112 
-557 
NO 3463 
ARKS-12347 
EC-121206 
EC-121207 
EC-122 342 
EC-122344 
Site coll 
R J W  coll 
--------- 
A. PZatycorpa 
A. Pktycorpa 
A. P k t y c o r p a  
A. SccElvrbaeoides 
A.Scambawide8 
A.Scarcrbaeoide8 
A. Scarubaeoides 
A.Scarvrbaeoides 
A. Scarabaeoidea 
A. Scarabaeoides 
A. Sccrmbaeoides 
A.Scarabaeoides 
A.Scarabaeoide8 
A. Scambaeoides 
A. Scarabaeoi&s 
~.Scarabaeoides 
A.Scambaeoides 
A .Scambaeoides 
A. Scarabaeoides 
A.Scambaeoide8 
A.Sca7urbaeoides 
A. Scarabaeoi&s 
A.Scambaeoides 
A.Scarabaeoide8 
A. Scarabaeoides 
A.Scanzbaeoides 
A .Scarabaeoidss 
A.Scarabaeoide8 
A.Scarabaeoides 
--------------------- 
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---------------------------------------------------- 
C o l l  N o .  Species Protein C y s t i n e  Nethionine C y s + M e t  ( x )  .........g.......... 
---------------------------I------------------- 
LJR c o l l  .A.Somwhaeoides 2 6 . 6  1.36 1.37 2.73 
JM-1961 A. Sericea 30.6 1.43 1.26 2.69 
LJR c a l l  A-Sericea 30 .5  1 .28  1.43 2.71 
NKR-154 A.VoZubiZis 27.8 1.25 1.52 2.77 
NKR-184 A. VoZubiZis 28.7 1.13 1.32 2.45 
NKR-187 A. VoZubiZis 27.2 1.13 1.40 2.53 
NKR- 14 3 R.A7.hi7floria 2 4 . 6  1.28 1.09 2.37 
JM- 39 5 2 R .  Bractcata 28.2 1 . 3 9  0.99 2.38 
JM-42 19 R. Rmcteata 29 . O  1.46 1 .OO 2.46 
JM- 34 38 R .Densi.FLora 26.4 1.16 0.96 2.12 
JM-2855 R .Minima 26.0 1.40 1.06 2.46 
e ~ e e d  m a t e r i a l  w a s  o b t a i n e d  f r o m  Genetic Resources Unit during 1982. 
